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L13 ANSWER 1 OF 66 CAPLUS COPYRIGHT 2 004 ACS on STN 
ACCESSION NUMBER: 1993:160578 CAPLUS 

DOCUMENT NUMBER: 118:160578 

TITLE: Effect of D ^-verapamil, verapamil 

enantiomers and verapamil metabolites on the 
binding of vincristine to al-acid glycoprotein 

AUTHOR(S): Woodcock, Barry G.; Abdel -Rahman, Mahran S.; Wosch, 

Frank; Harder, Sebastian 

CORPORATE SOURCE: Dep. Clin. Pharmacol., Johann Wolfgang Goethe -Univ. , 

Frankfurt/Main, D 6000, Germany 

SOURCE: Eur. J. Cancer, Part A (1993), 29A(4), 559-61 

CODEN: EJCTEA 

DOCUMENT TYPE: Journal 

LANGUAGE: English 

AB Vincristine binding to solns . of al-acid glycoprotein (AGP, 2 mg/mL) 
and the effect of D, L- verapamil , verapamil enantiomers 
and the verapamil metabolites norverapamil and D617 were 

investigated in vitro using equilibrium dialysis and 3H-labeled vincristine. 

Vincristine binding to AGP (52.3 ± 3.6%) was concentration independent over 

the range 0.002-2.0 jag/mL. The displacement of vincristine from AGP 

varied between 25.1 and 81.3% with D, L- verapamil and 

verapamil enantiomers added at concns . in the range 5-50 ng/mL. 

In contrast, the displacement by D617 (5-100 |ig/mL) was weaker and 

varied between 0 and 47%. The displacement at 2 0 ug/mL produced by 

D, L- verapamil, R-verapamil , S -verapamil and 

norverapamil was 53.1%, 56.8%, 58.9% and 53.9%, resp., was more than 

double that for D617 (25%; P = 0.002). It is concluded that vincristine, 

D, L-verapamil and verapamil isomers and metabolites 

interact at binding sites on AGP. These interactions may be clin. 

important in multidrug resistance, for example in cancer 

patients with elevated levels of AGP undergoing treatment with 

verapamil and vinca alkaloids . 

L13 ANSWER 2 OF 66 CAPLUS COPYRIGHT 2 0 04 ACS on STN 
ACCESSION NUMBER: 1991:526552 CAPLUS 

DOCUMENT NUMBER: 115:126552 

TITLE: R-verapamil decreases antiestrogen 

resistance in a breast cancer model 
AUTHOR (S) : Kellen, J. A.; Wong, Aileen; Georges, E.; Ling, V. 



CORPORATE SOURCE: Sunnybrook Health Sci . Cent., Univ. Toronto, Toronto, 

ON, M4N 3M5, Can. 
SOURCE: Anticancer Research (1991), 11(2), 809-11 

CODEN: ANTRD4; ISSN: 0250-7005 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Drug resistance eventually limits the effectiveness of antiestrogens in 
breast cancer treatment. Pharmacol, reversal of this 
refractoriness has been attempted with (R) -verapamil , a well 
tolerated calcium channel blocker. This drug significantly decreased the 
incidence of lung foci after i.v. seeding of the R3230AC rat 
adenocarcinoma; this effect was correlated with reduction in the expression 
P-glycoprotein. The simultaneous administration of anti-estrogens with a 
non-toxic enantiomer of verapamil was beneficial in the 
tumor model investigated. 

L13 ANSWER 3 OF 66 CAPLUS COPYRIGHT 2004 ACS on STN 
ACCESSION NUMBER: 1998:246218 CAPLUS 

DOCUMENT NUMBER: 12 8:317 041 

TITLE: Phase II trial of dexverapamil and 

epirubicin in patients with non-responsive metastatic 
breast cancer 

AUTHOR (S) : Lehnert, M.; Mross, K. ; Schueller, J.; Thuerlimann, 

B.; Kroeger, N. ; Kupper, H. 
CORPORATE SOURCE: Department C of Internal Medicine, Kantonsspital St 

Gallen, St Gallen, 9007, Switz. 
SOURCE: British Journal of Cancer Qj^a) , 77 (7), 1155-1163 

CODEN: BJCAAI; ISSN: 0007-0920 
PUBLISHER: Churchill Livingstone 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Agents capable of reversing P-glycoprotein-associated multidrug resistance 
have usually failed to enhance chemotherapy activity in patients with 
solid tumors. Based on its toxicity profile and exptl. potency, 
dexverapamil, the R- enantiomer of verapamil, is 

considered to be promising for clin. use as a chemosensitizer . The 
purpose of this early phase II trial was to evaluate the effects of 
dexverapamil on epirubicin toxicity, activity and pharmacokinetics 
in patients with metastatic breast cancer. A two-stage design 
was applied. Patients first received epirubicin alone at 120 mg m-2 i.v. 
over 15 min, repeated every 21 days. Patients with refractory disease 
continued to receive epirubicin at the same dose and schedule but 
supplemented with oral dexverapamil 300 mg every 6 h + 13 
doses. The Gehan design was applied to the dexverapamil 
/epirubicin cohort of patients. Thirty-nine patients were entered on 
study, 25 proceeded to receive epirubicin plus dexverapamil. 
Dexverapamil did not increase epirubicin toxicity. The dose 
intensity of epirubicin was similar when used alone or with 
dexverapamil. In nine intrapatient comparisons, the area under 
the plasma concentration-time curve (AUC) of epirubicin was significantly 
reduced 

by dexverapamil (mean 2968 vs 1901 u.g ml-1 h-l f P = 0.02) . 
The mean trough plasma levels of dexverapamil and its major 
metabolite nor -dexverapamil were 1.2 and 1.5 uM resp. The 
addition of dexverapamil to epirubicin induced partial responses in 
4 of 23 patients evaluable for tumor response (17%, Cl 5-39%, 
s.e.p 0.079). The remissions lasted 3, 8, 11 and 11+ months. These data 
suggest that the concept of enhancing chemotherapy activity by adding 
chemosensitizers may function not only in haematol . malignancies but also 
in selected solid tumors. An increase in the AUC and toxicity 
of cytotoxic agents does not seem to be a prerequisite for 
chemosensitizers to enhance anti- tumor activity. 
REFERENCE COUNT: 68 THERE ARE 68 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



L13 ANSWER 4 OF 66 CAPLUS COPYRIGHT 2004 ACS on STN 
ACCESSION NUMBER: 1990:131901 CAPLUS 

DOCUMENT NUMBER: 112:131901 

TITLE : The activity of verapamil as a resistance 

modifier in vitro in drug resistant human 
tumor cell lines is not stereospecif ic 

AUTHOR (S) : Plumb, Jane A.; Milroy, Robert; Kaye, Stanley B. 

CORPORATE SOURCE: Dep. Med. Oncol., Univ. Glasgow, Glasgow, G61 1BD, UK 

SOURCE: Biochemical Pharmacology (1990), 39(4), 787-92 

CODEN: BCPCA6; ISSN: 0006-2952 

DOCUMENT TYPE: Journal 

LANGUAGE: English 

AB The L- isomer of verapamil is a more potent calcium antagonist 
than the D- isomer. The two stereoisomers of verapamil were 
examined for their ability to increase the chemosensitivity in vitro of 
three ^ drug resistant cell lines (2780AD, MCF7/AdrR and H69LX10) . Neither 
racemic verapamil nor its individual isomers had any effect on 
the drug sensitivity of the parent cell lines (A2780, MCF7 and NCI-H69) . 
Verapamil increased the sensitivity of all three resistant cell 
lines to adriamycin by 10 -12 -fold. This activity was concentration-dependent 

and 

was maximal at 6-7 uM. The increase in sensitivity was only 2-3-fold 

at 2 uM, the maximum plasma concentration achieved in patients. Both the D- 

and 

L-isomers of verapamil alone at 6.6 uM were as effective as 

racemic verapamil and the D-isomer demonstrated the same 

concentration-dependent activity as racemic verapamil. The total 

cellular adriamycin concentration in both 2780AD and MCF7/AdrR was increased by 

2-fold in the presence of verapamil (6.6 uJVI) . Both D- and L- 

verapamil alone increased the amount of drug accumulated to the same 

extent as racemic verapamil. Thus, the resistance modification 

by verapamil is not stereospecif ic . The use of D- 

verapamil alone in patients could increase the maximum tolerated 

plasma concns . of verapamil. D-Verapamil may be a 

more effective resistance modifier in vivo than racemic verapamil 

L13 ANSWER 5 OF 66 CAPLUS COPYRIGHT 2004 ACS on STN 
ACCESSION NUMBER: 2003:327308 CAPLUS 

DOCUMENT NUMBER: 13 9:223 696 

TITLE: Enantioselective transport and CYP3A4 -mediated 

metabolism of R/S-verapamil in Caco-2 cell 
monolayers 

AUTHOR(S): Engman, Helena; Tannergren, Christer; Artursson, Per; 

Lennernas, Hans 

CORPORATE SOURCE : Department of Pharmacy, Uppsala University, Uppsala 

SE-751 23, Swed. 

SOURCE: European Journal of Pharmaceutical Sciences (2003) 

19(1), 57-65 

CODEN: EPSCED; ISSN: 092 8-0987 
PUBLISHER: Elsevier Science Ltd. 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB We have evaluated the passive and carrier-mediated intestinal transport 
and CYP3A4 -mediated metabolism of R/S-verapamil with respect to dose 
dependency and enantioselectivity in modified Caco-2 cells. The present 
in vitro results were compared to published data from human in vivo and 
rat in situ jejunal perfusions with R/S -verapamil . Caco-2 cell 
permeability to enantiomers of verapamil and norverapamil was 
weakly concentration dependent (2.5-100 uM) . While Caco-2 permeability to 
verapamil was 2.6- to 3.7-fold lower than in the human jejunum, it 
was 1.4- to 2. 3 -fold higher than in rats. However, all three models 
classified R- and S-verapamil as high permeability compds . 



according to the biopharmaceutical classification system. In accordance 
with human and rat data, R/S -verapamil was transported to a 
minor extent by carrier-mediated mechanisms in Caco-2 cells. Neither the 
passive nor the carrier-mediated permeability was enantioselective in any 
of the three models. CYP3A4 -mediated demethylation to R/S-norverapamil 
was enantioselective in Caco-2 cells. Apparent Vmax and Km values for the 
conversion of R-verapamil were 3.2 pmol/min/insert and 0.7 
uM, resp., and for S- verapamil/ 5.4 pmol/min/insert and 0.6 

\xM f resp. The enantioselectivity in the CYP3A4 -metabolism observed in Caco-2 
cells was in agreement with human data, but not with rat data, indicating 
that Caco-2 cells better reflect the human small intestine in 
this regard. However, all three models suggested that intestinal 
permeability to verapamil is unaffected by CYP3A4 -activity. In 
summary, modified Caco-2 cells and human jejunum were qual . related with 
respect to R-and S -verapamil transport and CYP3A4 -metabolism 
REFERENCE COUNT: 43 THERE ARE 43 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



L13 ANSWER 6 OF 66 CAPLUS COPYRIGHT 2004 ACS on STN 
ACCESSION NUMBER: 1999:212 94 CAPLUS 

DOCUMENT NUMBER: 130:246224 

TITLE: Modulation by dietary salt of verapamil 

disposition in humans 
AUTHOR(S): Darbar, Dawood; Fromm, Martin F.; Dell'Orto, 

Simonetta; Kim, Richard B./ Kroemer, Heyo K. ; 

Eichelbaum, Michel; Roden, Dan M. 
CORPORATE SOURCE: Departments of Medicine and Pharmacology, Vanderbilt 

University School of Medicine, Nashville, TN, 

37232-6602, USA 

SOURCE: Circulation (1998), 98(24), 2702-2708 

CODEN: CIRCAZ; ISSN: 0009-7322 
PUBLISHER: Lippincott Williams & Wilkins 

DOCUMENT TYPE; Journal 
LANGUAGE : Engl i sh 

AB The intestine is an increasingly well-recognized site of 

first-pass drug metabolism In this study, the authors determined the 
influence of 

dietary salt on the steady- state disposition of verapamil, a 
drug that undergoes extensive first -pass metabolism Eight normal volunteers 
received 12 0 mg of racemic verapamil orally twice a day for 21 
days. The disposition kinetics of verapamil enantiomers were 
determined after coadministration of i.v. deuterated verapamil with 
the morning oral dose on days 7, 14, and 21. Each study day was preceded 
by 7 days on a fixed-salt diet: in 5 subjects, the initial study was 
conducted during a low-salt (10 mEq/d) diet, the second study during a 
high-salt (400 mEq/d) diet, and the third during a low-salt diet, whereas 
in the other 3 subjects, the sequence of diets was reversed. Plasma 
concns . of both unlabeled enantiomers (ie, from oral therapy) were 
significantly (P<0.05) lower during the high-salt phase (eg, mean area 
under the time-concentration curve [0 to 12 h] for S-verapamil: 
7765+2591 ng • min • mL-1 [high salt] vs. 12 514±3527 
ng * min - mL-1 [low salt], P<0.05) . Peak plasma concns. 
were significantly lower and the extent of PR interval prolongation 
significantly blunted with the high-salt diet. In contrast, data with 
labeled drug (ie, reflecting the i.v. route) were nearly identical for the 
2 diets. These data indicate that a clin. important component of 
presystemic drug disposition occurs at the prehepatic (presumably 
intestinal) level and is sensitive to dietary salt. 
REFERENCE COUNT: 4 0 THERE ARE 4 0 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



L13 ANSWER 7 OF 66 CAPLUS COPYRIGHT 2 004 ACS on STN 
ACCESSION NUMBER: 1996:52 7243 CAPLUS 




TITLE: Randomized trial of vindesine and etoposide + 

dexverapam.il in advanced non- small cell lung 
cancer. First results 

Gatzemeier, U. ; Schneider, A.; V. Pawel, J. 
Department Thoracic Oncology, Hospital Grosshansdorf , 
Hamburg, D-22927, Germany 

Journal of Cancer Research and Clinical Oncology 
(1995), 121(Suppl. 3, Dexverapamil : A clinical 
approach to circumvention of multidrug resistance in 
cancer) , R17-R20 

COD EN : JCR0D7; ISSN: 0171-5216 
Springer 
Journal 
English 

The impact of dexverapamil (D) on the chemotherapy resistance of 
non-small cell lung cancer was investigated in a study of D plus 
chemotherapy vs. chemotherapy alone. Chemotherapy consisted of i.v. 
vindesine 3 mg/m2 bolus on days 1 and 5 and etoposide 14 0 mg/m2 on days 2 
and 4. 1800 Mg D were given for 6 days. Cycles were repeated 3 weekly up 
to 4 courses. Cardiovascular side effects were more marked in the group 
receiving D. There were 5 partial remissions (31.3%) and 9 no changes 
(56.3%) in the group with D as opposed to 2 partial remissions (11.1%) and 
6 no changes in the group without D. 



AUTHOR (S) : 
CORPORATE SOURCE 

SOURCE : 



PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 
AB 



AUTHOR (S) : 



L13 ANSWER 8 OF 66 CAPLUS COPYRIGHT 2004 ACS on STN 
ACCESSION NUMBER: 1998:401232 CAPLUS 

DOCUMENT NUMBER: 129:13 0954 

TITLE: Phase II study of dexverapamil plus 

anthracycline in patients with metastatic breast 
cancer who have progressed on , the same 
anthracycline regimen 

Warner, Ellen; Hedley, David; Andrulis, Irene; Myers, 
Robert; Trudeau, Maureen; Warr, David; Pritchard, 
Kathleen I.; Blackstein, Martin; Goss, Paul E. ; 
Franssen, Edmee; Roche, Kathie; Knight, Shelagh; 
Webster, Sheila; Fraser, Ruth-Anne; Oldfield, 
Stephanie; Hill, Wendy; Kates, Robert 

Toronto Sunnybrook Regional Cancer Centre, University 
of Toronto, Toronto, ON, M4N 3M5, Can. 
Clinical Cancer Research (1998), 4(6), 1451-1457 
CODEN: CCREF4; ISSN: 1078-0432 
American Association for Cancer Research 
Journal 
English 

This study evaluated whether metastatic breast cancer that has 
progressed on an anthracycline-containing drug regimen would subsequently 
respond to the identical regimen if dexverapamil, a modulator of 
P-glycoprotein-mediated drug resistance, is given concomitantly. Patients 
received 180 mg dexverapamil /m2 every 6 h for 15 doses, with the 
anthracycline administered 3 0 min after the 7th dose. There were 2 
partial responses (10%), both of which lasted for 6 mo, and 2 addnl . 
patients had stable disease. Seven patients had asymptomatic 
cardiotoxicity consisting of hypotension (24%) , bradycardia (5%) , or 
prolongation of the P-R interval (14%) . Two patients developed acute 
congestive heart failure, one on dexverapamil and one 10 days 
after stopping it. Dexverapamil did not seem to increase 
anthracycline toxicity. The median plasma trough dexverapamil 
plus norverapamil level on day 3 was 1110 ng/mL (range, 186-3385 ng/mL) , 
and the median peak level was 2164 ng/mL (range, 964-8382 ng/mL) . There 
was poor correlation between the values of mdr-1 expression as determined by 
reverse transcription-PCR and image cytometry. Because 
dexverapamil has been shown to affect doxorubicin 

pharmacokinetics, it cannot be concluded that the responses seen were 
necessarily due to P-glycoprotein inhibition. Addnl. studies are 



CORPORATE SOURCE: 

SOURCE : 

PUBLISHER : 
DOCUMENT TYPE: 
LANGUAGE : 
AB 



necessary to determine whether mdr-1 modulators can reverse clin. drug 
resistance in breast cancer patients. The intrinsic 
cardiotoxicity of dexverapamil makes it less suitable for such 
studies than several other available agents. 
REFERENCE COUNT: 45 THERE ARE 45 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 

L13 ANSWER 9 OF 66 CAPLUS COPYRIGHT 2 004 ACS on STN 
ACCESSION NUMBER: 1995:736792 CAPLUS 

DOCUMENT NUMBER: 123:160022 

TITLE : Effect of R-verapamil on the 

pharmacokinetics of paclitaxel in women with breast 
cancer 

AUTHOR (S) : Berg, Stacey L.; Tolcher, Anthony; O ' shaughnessy , 

Joyce A. ; Denicof, Andrea M. ; Noone, Marianne; 
Ognibene, Frederick P.; Cowan, Kenneth H.; Balis, 
Frank M. 

CORPORATE SOURCE: Pediatric and Medicine Branches, National Cancer 

Inst., Bethesda, MD, USA 
SOURCE: Journal of Clinical Oncology (1995), 13(8), 2039-42 

CODEN: JCONDN; ISSN: 0732-183X 
PUBLISHER : Saunders 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB To study the effect of the multidrug-resistance reversal agent R- 
verapamil on the pharmacokinetic behavior of paclitaxel. Six 
women with breast cancer who received paclitaxel as a 3-h 
infusion with and without R-verapamil were monitored with 

frequent plasma sampling up to 24 h postinf usion. Paclitaxel concns . were 
measured using a reverse-phase high-pressure liquid chromatog. assay. 
Concomitant administration of R-verapamil resulted in a decrease 
in mean (± SD) paclitaxel clearance from 1789 ± 67 mL/min/m2 to 90 
± 34 mL/min/m2 (P < 0.03) and a 2-fold increase in paclitaxel exposure 
(area under the curve [AUC] ) . The mean end-infusion paclitaxel concentration 



was 



also 2-fold higher: 5.1 ± 1.8 ^xmol/L vs. 11.3 ± 4.1 ^imol/L (P 
< 0.03). The alteration in paclitaxel pharmacokinetics when paclitaxel 
and R-verapamil are coadministered complicates the 

interpretation of response and toxicity data from clin. trials of this 
drug combination. 

L13 ANSWER 10 OF 66 CAPLUS COPYRIGHT 2004 ACS on STN 
ACCESSION NUMBER: 1999:657061 CAPLUS 

DOCUMENT NUMBER: 132:30599 

TITLE: Intestinal secretion of intravenous talinolol is 

inhibited by luminal R-verapamil 
AUTHOR (S) : Gramatte, Thomas; Oertel, Reinhard 

CORPORATE SOURCE: Institute of Clinical Pharmacology, Medical School, 

University of Technology Dresden, Dresden, Germany 

SOURCE: Clinical Pharmacology & Therapeutics (St. Louis) 

(1999), 66(3), 239-245 
CODEN: CLPTAT; ISSN: 0009-9236 

PUBLISHER: Mosby, Inc. 

DOCUMENT TYPE: Journal 

LANGUAGE : Engl i sh 

AB Objective: To examine the secretion of the pi -adrenergic receptor 
antagonist talinolol into the small intestine during its i.v. 
administration and to show the relevance of the P-glycoprotein-modulating 
drug verapamil for this secretory transport mechanism in humans. 
Methods: In 6 healthy volunteers, the intestinal steady-state perfusion 
technique (triple lumen tubing system) was used for measuring the 
appearance of talinolol within the small intestine while the 
drug was infused i.v. During 4 of the 7 perfusions performed, the 
perfusion fluid was changed from a verapamil -free solution and 



talinolol appearance was measured while a R-verapamil -containing 
solution (565 ixmol/L) was perfused. Results: Talinolol was transported 
into the intestinal lumen up to a concentration gradient between lumen and 

blood 

of . apprx. 5 . 5 : 1 . While perfusing the small intestine with a 
verapamil -free solution, the intestinal secretion rate of talinolol 
ranged from 1.94 to 6.62 |ag/min per 3 0 cm length of the 
intestine (median values) . Perfusion of a R-verapamil 

-containing perfusion fluid resulted in lower secretion rates (0.59-3.71 
i^g/30 cm-min), corresponding to 29%-56% of the values obtained 
without verapamil supplied intraluminally . Conclusion: I. v. 
administered talinolol is actively secreted into the human small 
intestine. This secretion is reduced by the intraluminal supply 
of the P-glycoprotein-modulating drug R-verapamil. This gives 
further rationale for P-glycoprotein-mediated intestinal drug secretion as 
a cause for incomplete oral bioavailability and for drug interactions 
during intestinal absorption. 
REFERENCE COUNT: 26 THERE ARE 26 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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ACCESSION NUMBER: 1999:213953 CAPLUS 

DOCUMENT NUMBER: 131:53590 

TITLE: Unexpected effect of verapamil on oral 

bioavailability of the p-blocker talinolol in 
humans 

AUTHOR (S) : Schwarz, Ute I.; Gramatte, Thomas; Krappweis, Jutta; 

Berndt, Annette; Oertel, Reinhard; Von Richter, 

Oliver; Kirch, Wilhelm 
CORPORATE SOURCE: Institute of Clinical Pharmacology, Faculty of 

Medicine, University of Technology, Dresden, Germany 
SOURCE: Clinical Pharmacology & Therapeutics (St. Louis) 

(1999), 65(3), 283-290 

CODEN: CLPTAT; ISSN: 0009-92 36 
PUBLISHER: Mosby, Inc. 

DOCUMENT TYPE: Journal 
LANGUAGE : Eng 1 i s h 

AB The effect of oral verapamil, a calcium channel blocker and 

potent inhibitor of P-glycoprotein, on pharmacokinetics of the 
(31 -adrenergic receptor antagonist talinolol, a substrate of 
P-glycoprotein, was studied. In a randomized, crossover 

placebo-controlled study, oral pharmacokinetics of talinolol (50 mg) after 
concomitant administration of single doses of R-verapamil (120 
mg) or placebo were investigated in 9 healthy volunteers. Concns . of 
talinolol, verapamil, and its main metabolite norverapamil were 
measured in serum with HPLC. Concns. of talinolol were also measured in 
urine by HPLC. Standard pharmacokinetic parameters were calculated with 
noncompartmental procedures. The area under the concentration-time curve for 
talinolol from 0 to 24 h was significantly decreased after R- 
verapamil vs. placebo (721 + 231 ng * h • mL-1 
vs. 945 ± 188 ng * h • mL-1; P < .01). Maximum serum 
concentration of talinolol was reached significantly earlier after R- 
verapamil compared with placebo (P < .05). Coadministration of R- 
verap anvil did not affect the renal clearance or half -life of 
talinolol. Serum pharmacokinetics are paralleled by the results derived 
from urine concns. of talinolol. This is the first study to show a 
decreased oral bioavailability of a P-glycoprotein substrate (talinolol) 
in humans as a result of coadministration of verapamil. This 
effect is assumed to be caused by changes of the intestinal net absorption 
of talinolol because its renal clearance remains unaffected by 
-^ministration of R-verapamil. This unexpected effect of R- 
pamil is most likely dose -dependent as a result of an 
j'rplay between intestinal P-glycoprotein and gut metabolism 
; COUNT: 37 THERE ARE 37 CITED REFERENCES AVAILABLE FOR THIS 



RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 



CAPLUS COPYRIGHT 2 004 ACS on STN 
1996:527241 CAPLUS 
125 :212097 

Phase I/II trial of dexverapamil, epirubicin 
and granulocyte/macrophage -colony-stimulating factor 
in patients with advanced pancreatic adenocarcinoma 
Scheithauer, W. ; Kornek, G.; Raderer, M . ; 
Koperna-Mach, K. ; Mueller, C; Karner, J. ; Kastner, 
J. ; Tetzner, C. 

Medical School, Vienna University, Vienna, A- 1090, 
Austria 

Journal of Cancer Research and Clinical Oncology 
(1995), 121(Suppl. 3, Dexverapamil: A clinical 
approach to circumvention of multidrug resistance in 
cancer) , R7-R10 

CODEN: JCROD7; ISSN: 0171-5216 
Springer 
Journal 
English 

A new anticancer chemotherapy was investigated in previously untreated 
patients with locally advanced of metastatic adenocarcinoma of the 
pancreas in a phase I/II study. Treatment consisted of oral 
dexverapamil (D) 1000 - 1200 mg/day for 3 days, epirubicin (E) 
given as an i.v. bolus injection on day 2 with a starting dose of 90 
mg/m2, and 400 jag granulocyte/macrophage-colony-stimulating factor 
(GM-CSF) administered s.c. from day 5 through 14. E dose escalation 
levels were 90, 105, 120, and 135 mg/m2 . Treatment cycles were repeated 
every 3 wk. Hematol . toxicity, specifically granulocytopenia constituted 
the dose-limiting toxicity with a maximum tolerated dose of 120 mg/m2 for 
epirubicin. Despite routine supportive therapy with GM-CSF, 4, 2, and 5 
patients experienced grade 4 granulocytopenia during their first 2 
treatment courses at levels of 105, 120, and 135 mg/m2 . Non-hematol . 
toxicity was uncommon, generally modest, and did demonstrate a unclear 
relationship with the anthracycline dose. D-related cardiovascular 
symptoms occurred frequently, but they never resulted in serious toxicity 
requiring active medical intervention or permanent discontinuation of 
therapy. The recommended dose of E for this regimen with D and GM-CSF is 
12 0 mg/m2 every 3 wk. * 
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Absorption enhancement of hydrophilic compounds by 
verapamil in Caco-2 cell monolayers 
Sakai, Michinori; Noach, Arthur B. J.; 
Blom-Roosemalen, Margret C. M. ; de Boer, Albertus G.; 
Breimer, Douwe D. 

Leiden/Amsterdam Center for Drug Research, Leiden 
University, Leiden, NL-2300, Neth. 
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CODEN: BCPCA6; ISSN: 0006-2952 
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Caco-2 monolayers were used to determine whether verapamil enhanced 
the transport of hydrophilic compds . across epithelial cells. 
Transepithelial elec. resistance (TEER) measurements, as an indicator of 
the opening of tight junctions, and transport expts. with f luorescein-Na 
(Flu) and FITC-dextran Mw 4000 (FD-4) were used to assess the effect. 
(±) Verapamil concns . up to 3 + 10-4M increased TEER 
dose-dependently, whereas from concns. of 7 + 10-4 M onwards a 
dose -dependent drop was found. After removal of verapamil 
{<10-3 M) the effects on TEER were reversible within 30 min. A second 
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administration of verapamil after different time intervals 
produced a much larger effect on TEER than the first administration. The 
sep. R- and S-enantiomers did not reveal a difference in enantiomer 
effect. (±) Verapamil at 7 + 10-4 M increased Flu 

transport about 13 -fold and 26-fold after the first and second treatment 

in the same monolayers, resp. Transport of FD-4 increased approx. 4 -fold 

and 6-fold after the first and second treatment, resp. Potential damaging 

effects were assessed by trypan blue exclusion (cell death) and cell 

detachment. No cell death occurred at verapamil concns . of 8.5 

+ 10-4 M or lower, whereas cell detachment did not occur within 1 h 

at all concns. used in these expts . At later times detachment was observed 

at concns. of 7 + 10-4 M and higher. Confocal laser scanning 

microscopy showed that verapamil opens the paracellular route, 

thereby enhancing the permeability of hydrophilic compds . However, 

relatively high concns. are needed to achieve this effect and only a 

narrow concentration range can be used without cytotoxic effects, which limits 

the potential application of verapamil as an absorption 

enhancing agent. 
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Treatment of abnormal increases in gastrointestinal 
motility with (R) -verapamil 
Kelly, John; Devane, John 
IreT" : 

U.S. Pat. Appl. Publ., 20 pp., Cont . -in-part of U.S. 

Pat. Appl. 2003 92,765. 

CODEN: USXXCO 

Patent 

English 

2 



PATENT NO. 
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US 2004063784 
US 2003092765 
PRIORITY APPLN. INFO 



AB 



Al 20040401 US 2002-294692 20021115 

Al 20030515 US 2002-256261 20020927 

US 2002-256261 B2 20020927 
US 2001-335959P P 20011115 
The invention discloses methods for treating, preventing, and/or managing 
abnormal increases in gastrointestinal motility, and intestinal conditions 
that cause the same. Such conditions include, but are not limited to, 
irritable bowel syndrome, infectious diseases of the small and large 
intestines, and symptoms of any of the foregoing. In particular, 
the invention discloses methods of using enriched (R) -verapamil, 
as well as compns . and formulations containing the same. 
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Gut wall metabolism of verapamil in older 
people: effects of rif ampicin-mediated enzyme 
induction 

Fromm, Martin F. ; Dilger, Karin; Busse, Dagmar; 
Kroemer, Heyo K. ; Eichelbaum, Michel; Klotz, Ulrich 
Dr Margarete Fischer-Bosch-Institut fur Klinische 
Pharmakologie, Stuttgart, 70376, Germany 
British Journal of Clinical Pharmacology (1998) , 
45(3), 247-255 
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Journal 
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AB Prehepatic metabolism of verapamil and its inducibility by 

rifampicin were investigated in older subjects. Eight older subjects 
(67.1 ± 1.2 yr mean+s.d.) received racernic, unlabeled 
verapamil orally for 16 days (120 mg twice daily) . Rifampicin 
(600 mg daily) was coadministered from day 5 to 16. Using stable isotope 
technol . (i.e. i.v. coadministration of 10 mg deuterated verapamil 
) during verapamil steady-state without (day 4) and with 

rifampicin (day 16) bioavailability, prehepatic and hepatic extraction of 
verapamil were determined The effects of verapamil on 

AV-conduction were measured by the maximum PR interval prolongation (%) . 
Bioavailability of the cardiovascularly more active S-verapamil 
decreased from 14.2+4.3% on day 4 to 0.6±0.5% on day 16 (P<0.001) . 
As a consequence, effects of orally administered verapamil on 
the AV-conduction were nearly abolished (14.4±9.4% vs 2.7+2.6%, 
P<0.01) . This could be attributed to a considerable increase of 
prehepatic extraction during treatment with rifampicin (41.7±22.1% vs 
91. 6±6. 6%, P<0.01) and to a minor extent to induction of hepatic metabolism 
(73.7+9.4% vs 91.6+5.3%, P<0.01). Prehepatic metabolism of 
verapamil occurred in the group of older people investigated. 

Induction of gut wall metabolism most likely was the major reason for the los 
of verapamil effect during treatment with rifampicin in this 
group of older subjects. 
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Dexverapamil to overcome epirubicin 
resistance in advanced breast cancer 

Thuerlimann, B.; Kroeger, N. ; Greiner, J.; Mross, K. / 
Schueller, J.; Schernhammer , E . ; Schumacher, K. ; 
Gastl, G. ; Hartlapp, J.; et al . 

Department C Internal Medicine, Kantonsspital , St. 
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CODEN: JCR0D7; ISSN: 0171-5216 
Springer 
Journal 
English 

The combination of oral dexverapamil (D) , a 2nd-generation 
chemosensitizer currently in clin. development for multidrug resistance 
(MDR) reversal, with epirubicin (E) in patients with epirubicin-ref ractory 
high-risk metastatic breast cancer was investigated to evaluate 
feasibility and activity of the combination. Patients first received E 
alone at 12 0 mg/m2. In clin. refractoriness, E was continued at the same 
dose and schedule but supplemented with oral D. D was given at 3 00 mg 
every 6 h for a total of 13 doses and commenced 2 days prior to E 
administration. Addition of D resulted in a significant decrease in mean 
heart rate and blood pressure, and prolongation of PQ time as compared to 
E alone. These cardiovascular effects of D were usually mild, and 
subjective tolerance of treatment was good. In 7/14 patients, dose 
escalation of D was feasible. In 2/14 patients, the addition of D 
temporarily prevented further tumor progression. Addition of oral 
D to E 120/m2 proved to be feasible in a multiinstitutional setting. 
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Reduction of multidrug resistance with (R) 
verapamil in vitro and in vivo 



AUTHOR (S) : Pommerenke, E. W. ; Mattern, J.; Traugott, U. ; Volm, M. 

CORPORATE SOURCE: Inst. Exp. Pathol., Dtsch. Krebsf orschungszent . , 

Heidelberg, W-6900, Germany 
SOURCE: Arzneimittel-Forschung (1991), 41(8), 855-8 

CODEN: ARZNAD; ISSN: 0004-4172 
DOCUMENT TYPE: Journal 
LANGUAGE: German 

AB (R) -Verapamil and (RS) -verapamil equally decreased the 

resistance to doxorubicin of doxorubicin-resistant L1210 ascites 

tumor cells in vitro and in mice, indicating modification of 

multidrug resistance. However, the R- isomer caused fewer symptoms of host 

toxicity than did the racemate. Neither (R) - nor (RS) -verapamil 

altered the cytotoxicity of doxorubicin to doxorubicin-sensitive 

tumor cells nor the resistance to ara C in ara C-resistant 

tumor cells. 
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Jansson, Britt; Lennernas, Hans 
CORPORATE SOURCE: Department of Pharmacy, Uppsala University, Uppsala, 
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48(2), 180-189 
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AB This human intestinal perfusion study investigated the effect of 

ketoconazole on the jejunal permeability and lst-pass metabolism of (R) - and 

(S) -verapamil in humans. A regional single-pass perfusion of 

the jejunum was performed in healthy volunteers. Each perfusion lasted 

200 min and was divided into 2 periods of 100 min each. The infusion 

concentration of (R/S) -verapamil was 120 mg/L in both periods, and 

ketoconazole was added at 40 mg/L in period 2. (R/S) -verapamil 

was also administered as a short i.v. infusion of 5 mg, over a period of 

10 min. The ratios of the cytochrome P 450 3A (CYP3 A) -formed metabolites 

(R) - and (S) -norverapamil were also determined in the outlet jejunal perfusate 

The effective jejunal permeability of both (R) - and (S) -verapamil 

was unaffected by the addition of ketoconazole in period 2, suggesting that 

ketoconazole had no effect on the P-glycoprotein-mediated efflux. 

However, the appearance of both (R) - and (S) -norverapamil in the outlet 

jejunal perfusate decreased in the presence of ketoconazole. The rate of 

absorption (R) - and (S) -verapamil into plasma increased despite 

the low dose of ketoconazole added, indicating an inhibition of the gut 

wall metabolism of (R/S) -verapamil by ketoconazole. Thus, 

ketoconazole did not affect the jejunal effective jejunal permeability of 

(R/S) -verapamil, but it did increase the overall transport into 

the systemic circulation (bioavailability) , probably by inhibition of the 

gut wall metabolism of verapamil. This might be due to ketoconazole 

being less potent as an inhibitor of P-glycoprotein than of CYP3A4 in vivo 

in humans . 

REFERENCE COUNT: 35 THERE ARE 35 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 

L13 ANSWER 19 OF 66 CAPLUS COPYRIGHT 2004 ACS on STN 
ACCESSION NUMBER: 2004:141145 CAPLUS 

DOCUMENT NUMBER: 14 0:296807 

Prediction of cytochrome P450 3A inhibition by 
verapamil enantiomers and their metabolites 



AUTHOR (S) : 
CORPORATE SOURCE: 



SOURCE : 

PUBLISHER: 

DOCUMENT TYPE 
LANGUAGE : 
AB 



Wang, Ying-Hong; Jones, David R. ; Hall, Stephen D. 
Division of Clinical Pharmacology, Department of 
Medicine, Indiana University School of Medicine, 
Indianapolis, IN, USA 

Drug Metabolism and Disposition (2004), 32(2), 259-266 
CODEN: DMDSAI; ISSN: 0090-9556 

American Society for Pharmacology and Experimental 
Therapeutics 
Journal 
English 

Verapamil inhibition of CYP3A activity results in many drug-drug 
interactions with CYP3A substrates, but the mechanism of inhibition is 
unclear. The present study showed that verapamil enantiomers 
and their major metabolites [norverapamil and N-desalkylverapamil (D617) ] 
inhibited CYP3A in a time- and concentration-dependent manner by using pooled 
human liver microsomes and the cDNA- expressed CYP3A4 (+b5) . The values of 
the inactivation kinetic parameters kinact and Kl obtained with the 
cDNA-expressed CYP3A4 (+b5) were 0.39 min-1 and 6.46 uM for R- 
verapamil, 0.64 min-1 and 2.97 jaM for S- verapamil, 

1.12 min-1 and 5.89 \iM for (±) -norverapamil , and 0.07 min-1 and 7.93 
u-M for D617. Based on the ratio of kinact and Kl, the inactivation 
potency of verapamil enantiomers and their metabolites was in 
the following order: S- norverapamil > S-verapamil > 
R- norverapamil > R-verapamil > D617. Using dual beam 
spectrophotometry, we confirmed that metabolic intermediate complex 
formation with CYP3A was the mechanism of inactivation for all compds . 
The in vitro unbound fraction was 0.84 for S-verapamil, 0.68 for 
R-verapamil, and 0.84 for (+) -norverapamil . A 

mechanism-based pharmacokinetic model predicted that the oral area under 
the curve (AUC) of a CYP3A substrate that is eliminated completely (fm = 
1) by the hepatic CYP3A increased 1.6- to 2. 2 -fold after repeated oral 
administration of verapamil. For midazolam (fm =0.9), a drug 

that undergoes extensive intestinal wall metabolism, the predicted increase in 
oral AUC was 3.2- to 4.5-fold. The predicted results correlate well with 
the in vivo drug interaction data, suggesting that the model is suitable 
for predicting drug interactions by mechanism-based inhibitors. 
REFERENCE COUNT: 41 THERE ARE 41 CITED REFERENCES AVAILABLE FOR THIS 
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Jejunal absorption and metabolism of R/S- 
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The transport and metabolism of R/S-verapamil were studied in the 
human jejunum perfusion study in vivo. A regional single-pass perfusion 
of the jejunum was performed using a Loc-I-Gut perfusion tube in 12 
healthy volunteers. Each perfusion lasted for 200 min and was divided 
into 2 periods each of 100 min. The inlet concns . of verapamil 
were 4.0 and 4 0 mg/L in period 1 and 2, resp. The effective jejunal 
permeability (Peff ) of both R- and S-verapamil increased when 
the inlet concentration was increased, consistent with the saturation of an 
efflux 

mechanism. However, both R- and S-verapamil had high intestinal 

Peff, consistent with a complete absorption. The Peff of antipyrine also 
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increased, but there was no difference in the Peff for D-glucose in the 2 
periods. The appearance of R/S-norverapamil in the intestinal perfusate 
leaving the jejunal segment was nonlinear, presumably due to saturation of the 
cytochrome P 450 3A4 metabolism The increased Peff in parallel with the 
increased entering drug concentration is most likely due to saturable efflux by 
P-glycoprotein (s) in the human intestine. 
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Structure-activity relationship of verapamil 
analogs and reversal of multidrug resistance 
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We studied the relationship between the chemical structure and multidrug 
resistance (MDR) reversal activity of racemic verapamil (VER) 
and 14 VER analogs (VAs) . The LoVo-R human colon carcinoma cell line was 
used as an exptl . model. This cell line exhibited a typical MDR phenotype 
and overexpressed the MDR1 gene products. Key structural features were 
identified as being related to MDR reversal and cytotoxic activity. In 
particular, we demonstrated that the methoxy groups in the VER mol . 
structure [1, 7-Bis- (3, 4 -dimethoxyphenyl) -3-methylaza-7-cyano-8- 
methylnonane] prevented cytotoxicity when the VAs were used alone, whereas 
the 7-cyano-8-Me groups were important for MDR reversal activity and 
interaction with P-glycoprotein (P-gp) . Among the VAs tested, the most 
active compds . were gallopamil, R-isomer of VER (R-VER) , and nor-VER, 
which potentiated doxorubicin (DOX) cytotoxicity by 52.3±7.2 
(n-3+SD) , 38.9+6.4 (n=4±SD) , and 35.4+4.3 (n=3+SD) times, 

resp. The reversal activity of these compds. was similar to that of VER, 
which enhanced DOX cytotoxicity by 41.3+5.0 (n=3±SD) times. The 
potentiation of DOX cytotoxicity was associated with an increase in DOX 
uptake in LoVo-R cells and with an increased [3H] azidopine P-gp 
photolabeling inhibition. Some compds. that had a high reversal potency 
(i.e. R-VER and nor-VER) showed a lower calcium antagonist activity than 
VER, and seem useful candidates for the treatment of MDR in cancer 
patients . 
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doxorubicin combined with two potential 
multidrug-resistance-reversing agents. High-dose oral 
tamoxifen and dexverapamil 
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Journal 
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the overexpression of the MDR1 gene in human colorectal 



cancer, which may constitute a mol . basis for intrinsic drug 
resistance that can be reversed, and because of the limited therapeutic 
value of conventional cytotoxic treatment in this disease, the present 
phase II study of P-glycoprotein-directed double modulation was initiated. 
Fifteen patients with measurable metastatic colorectal cancer, 
all of whom were refractory to lst-line chemotherapy with 
5-f luorouracil/leukovorin, were entered in this trial. Treatment 
consisted of 80 mg tamoxifen twice daily on days 1-9, oral 
dexverapamil every day on days 7-9, and 60 mg/m2 doxorubicin given 
by i.v. bolus injection on day 8. Courses were repeated every 4 wk. 
After a median of 3 courses, none of the 14 evaluable patients had 
objective response, and 4 had stable disease. Adverse reactions consisted 
mainly of myelosuppression (WHO grade IV granulocytopenia was noted in 
4 0%) , and mild and reversible dexverapamil -related 

cardiovascular side-effects, specifically hypotension (47%) . Thus, 
despite the histol . demonstration of high levels of P-glycoprotein in 
colorectal cancer and administration of 2 potentially 
synergistic chemosensitizers , the authors were unsuccessful in 
circumventing its primary resistance to chemotherapy. 
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AB A substantially single enantiomer of R- or S-verapamil , or a 

pharmaceutically-acceptable salt thereof, provides an improved treatment 
for patients having a condition susceptible to treatment with racemic 
verapamil and who are disposed to constipation. In a 
gastrointestinal transit study with volunteers, results showed that 
racemic verapamil had a significant constipating effect on large 
bowel transit. No significant differences in large bowel transit were 
observed for either of the individual verapamil enantiomers or the 
placebo control . 
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AB 



The present invention is directed to methods of treating, preventing, 
and/or managing abnormal increases in gastrointestinal motility, and 
intestinal conditions that cause the same. Such conditions include, but 
are not limited to, irritable bowel syndrome (IBS) , infectious diseases of 
the small and large intestines, and symptoms of any of the 
foregoing. In particular, the present invention discloses methods of 
using (R) -verapamil , as well as compns . and formulations containing 
the same. 
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In view of multidrug resistance dexverapamil was studied as 
chemosensitizer in the sensitive HL-60 and the resistant Hl-60-vinc cell 
lines with RPMI/15% FCS and human serum in the presence of AGP, reflecting 
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elevated levels in cancer. The effect of dexverapamil 

on the protein binding of vincristine, the influence of different protein 

solns. on vincristine accumulation and cytotoxicity, and the 

chemosensitizing effect of dexverapamil was examined Vincristine 

binding was 2-fold higher in human serum than in RPMI/FCS, the difference 

being increased in the presence of dexverapamil. Differences in 

vincristine accumulation in the absence of dexverapamil were 

only moderate indicating that the reduced chemosensitizing effect of human 

serum and in presence of AGP depends on the high dexverapamil 

binding. Dexverapamil increased vincristine accumulation in 

both cell lines in RPMI/FCS indicating that other verapamil 

-sensitive mechanisms are involved in HL-60 cells. The authors suggest 

that the chemosensitizing potency of dexverapamil is 

substantially reduced in human serum and in the presence of AGP. 
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Repeated oral rifampicin decreases the jejunal 
permeability of R/S -verapamil in rats 
Sandstrom, Rikard; Lennernas, Hans 

Department of Pharmacy, Uppsala University, Uppsala, 
S-751 23, Swed. 

Drug Metabolism and Disposition (1999), 27(8), 951-955 
CODEN: DMDSAI; ISSN: 0090-9556 

American Society for Pharmacology and Experimental 
Therapeutics 
Journal 
English 

The main purpose of this rat study was to investigate the effect of 
rifampicin on the effective permeability (Peff) of R/S-verapamil 
in the rat jejunum. In addition the effect on metabolism of R/S- 
verapamil to R/S-norverapamil was examined In situ single-pass 
perfusions of the rat jejunum were performed in animals pretreated with 
oral rifampicin (250 mg/kg/day) or saline (control) over various time 
periods (1, 4, 7, and 14 days). The jejunal Peff of each of the 
enantiomers of verapamil and D-glucose was estimated The appearance 
ratios of the CYP3A-formed metabolites R- and S-norverapamil were also 
estimated in the outlet jejunal perfusate. The jejunal Peff of both R- and 
verapamil decreased as an effect of the oral pretreatment with 
rifampicin. The appearance of R- and S-norverapamil in the jejunum was 
also affected by the oral pretreatment with rifampicin, with increasing 
concns. of R/ S-norverapamil being evident after 14 days of rifampicin 
pretreatment. There was no stereoselectivity in either the Peff of R- and 
S -verapamil or the metabolic appearance of R- and 

S-norverapamil. Treatment with oral rifampicin decreased the Peff of R/S- 
verapamil, which is in accordance with an induction of 

P-glycoprotein activity in the apical enterocyte membrane. The increase 
in appearance of R/ S-norverapamil in jejunum is in accordance with an 
induction of CYP3A metabolism in the rat. 
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Verapamil regulates activity and 

mRNA-expression of human p -glucuronidase in HepG2 
cells 

Grube, M. ; Kunert-Keil, C. ; Sperker, B.; Kroemer, H. 
K. 

Department of Pharmacology, Peter Holtz Research 
Center of Pharmacology and Experimental Therapeutics, 
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Germany 

SOURCE: Naunyn-Schmiedeberg' s Archives of Pharmacology (2003), 

368(6), 463-469 
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LANGUAGE: English 

AB A promising development in tumor therapy is the application of 

non-toxic prodrugs from which the active cytostatic is released by 
endogenous enzymes such as p -glucuronidase (p-gluc) . Regulation 
of p-gluc expression is one crucial factor modulating bioactivation 
of prodrugs. Recent expts . in rats indicate regulation of p-gluc 
activity by the calcium channel blocker verapamil. To further 
explore this phenomenon, we investigated the effect of verapamil 
on p-gluc enzyme activity, protein (western blot) and mRNA expression 
(RT-PCR) as well as the underlying mechanisms (effects of 
verapamil metabolites; promoter activity) in the human hepatoma 
cell line HepG2 . Treatment of HepG2 cells with verapamil 
revealed down-regulation of p-gluc activity, protein, and mRNA level 
down to 50% of the control with EC50 values of 25 i±M. Effects were 
similar for both enantiomers . Moreover, it was demonstrated that reduced 
promoter activity contributes to the observed effects. In summary, our data 
demonstrate regulation of human p-glucuronidase expression by 
verapamil. Based on our findings we hypothesize that 
coadministration of verapamil may effect cleavage of 
glucuronides by p-glucuronidase. 

REFERENCE COUNT: 36 THERE ARE 36 CITED REFERENCES AVAILABLE FOR THIS 
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AB An in vitro cell proliferation assay with MTT was developed to measure the 
capacity of substances to overcome multidrug resistance (MDR) . The 
inclusion of cell titration curves for each concentration of the resistance 

modifier 

(RM) allows the IC50 of the RM to be calculated and provides empirical 
correction of the cell survival curves for the effect of the RM when it is 
combined with a standard cytotoxic drug, vincristine. The resistance 
modification index (RMI) is defined as the ratio of the IC50 of 
vincristine obtained in control cultures divided by that measured in the 
presence of RM and is linearly related to the dose of RM. The RMI0.1 (RMI 
a a 1/10 of the IC50 of the RM) provides a relative comparison between the 
activities of different RMs at non-toxic doses. The results obtained 
using the MDR cell line KB-8-5 show that 1- (-) -verapamil is 

.apprx.4 times more active than d- (+) -verapamil in modifying 
MDR. The racemic mixture has an intermediate activity. A similar 
comparison between the epimers quinidine and quinine shows that, at 
equimolar doses, quinine has a higher RMI but, because it is more toxic, 
the RMI0.1 is about one-half of that of quinidine. These results 
demonstrate the importance of comparing the resistance-modifying 
activities of different compds . at doses relative to their own toxicity. 
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AB (+) -Verapamil (I), ( + ) -gallopamil , (+) -devapamil , or 

(+) -emopamil are used for the prevention of tumor metastasis. 
Tablets contained I 500, lactose 120, cellulose 60, Mg stearate 3, corn 
starch 50, and poly (vinylpyrrolidone) 15 mg esch. 
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The absence of stereoselective P-glycoprotein-mediated 
transport of R/S-verapamil across the rat 
j ejunum 

Sandstrom, Rikard; Karlsson, Anders; Lennernas, Hans 
Department of Pharmacy, Division of Biopharmaceutics 
and Pharmacokinetics, University of Uppsala, Uppsala, 
S-75123, Swed. 

Journal of Pharmacy and Pharmacology (1998), 50(7), 
729-735 

CODEN: JPPMAB; ISSN: 0022-3573 
Royal Pharmaceutical Society of Great Britain 
Journal 
English 

The authors have studied the potential stereoselective transport and 
metabolism of R/S -verapamil in rat jejunum, in-situ. A regional 
single-pass perfusion of the rat jejunum was performed on 24 rats in six 
sep. groups. The effective permeability (Peff) was assessed for three 
different concns . of verapamil, 4, 40 and 400 mg L-l. The Peff 
of each enantiomer was also determined at 4 00 mg L-l when chlorpromazine (10 
mM) was added to the perfusion solution Two other groups of rats received 
R/S-verapamil as an i.v. infusion and the intestinal secretion 
and metabolism were studied by simultaneously perfusing the jejunum with a 
control or with chlorpromazine (10 mM) added. The concns. in the outlet 
perfusate of. each enantiomer of verapamil and norverapamil were 
assayed with HPLC. R/S-verapamil is a high permeability drug in 
the proximal rat small intestine throughout the luminal concentration 
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There was 

The observed concentration-dependent 



range studied and complete intestinal absorption was expected, 
an increase of Peff from 0.42+10-4 cm s-1 to 0.80+10-4 cm s-1 
at concns. from 4 to 400 mg L-l, resp. 
jejunal 

Peff and fraction absorbed of R/S-verapamil is consistent with 
the saturation of an efflux mechanism. When chlorpromazine (a P-glycoprotein 
inhibitor/substrate) was added the jejunal Peff increased to 
1.47+10-4 cm s-1. There was no difference between the Peff of the 
two enantiomers in any of these expts . The efflux of R/S-norverapamil 
into the rat jejunum was high after i.v. administration of R/S- 
verapamil, suggesting extensive metabolism in the enterocyte. In 
conclusion, both R/S -verapamil enantiomers are P-glycoprotein 
substrates, but there is no stereoselective transport of R/S- 
verapamil in the rat jejunum. The results also suggests that 
R/S-norverapamil is formed inside the enterocytes . 
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R-verapamil: pharmacokinetics and effects on 
PR interval, blood pressure and heart rate 
Ahmed, J. H. ; Godden, J.; Meredith, P. A.; Elliott, H. 
L. 

Gardiner Inst., West. Infirm., Glasgow, Gil 6NT, UK 
British Journal of Clinical Pharmacology (1993), 
36(2), 93-8 

CODEN: BCPHBM; ISSN: 0306-5251 
Journal 
English 

This study in healthy normotensive male volunteers investigated the 
pharmacokinetics and the effects on electrocardiog . PR interval, blood 
pressure and heart rate of single oral doses of the single isomer R- 
verapamil (250, 500 and 1000 mg) in comparison to placebo and 240 
mg racemic verapamil. After 500 and 1000 mg R-verapamil 
, there were significant prolongations in PR interval, maximal at 1-2 h 
after dosing and coincident with peak plasma drug concns., but these were 
not significantly different from the maximum prolongation obtained with 240 
mg racemic verapamil. After 1000 mg R-verapamil, ' 
there was a significant hypotensive effect, particularly on standing. 
Single doses of 500 and 1000 mg R-verapamil produced peak plasma 
drug concns. in the range 1000-3000 ng mL-1. If this concentration range is 
appropriate for adjuvant cancer chemotherapy, it can be 
predicted that similar steady state concns. will occur with a dosage 
regimen of 300 mg 3 times daily. 
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Controlled trial of dexverapamil, a 

modulator of multidrug resistance, in lymphomas 

refractory to EPOCH chemotherapy 

Wilson, Wyndham H. / Bates, Susan E.; Fojo, Antonio; 
Bryant, George; Zhan, Zhirong; Regis, JoAnna; Wittes, 
Robert E.; Jaffe, Elaine S.; Steinberg, Seth M. ; et 
al . 

Medicine Branch, National Cancer Inst., Bethesda, MD, 
USA . 

Journal of Clinical Oncology (1995), 13(8), 1995-2004 

CODEN: JCONDN; ISSN: 0732-183X 

Saunders 

Journal 
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AB Overexpression of the multidrug resistance gene (mdr-1) is present in up 

to 0% of relapsed lymphomas. To study its role in lymphomas, we conducted 
a controlled trial of dexverapamil , an inhibitor of the mdr-1 
gene product, P-glycoprotein (Pgp) , in lymphomas refractory to etoposide, 
prednisone, vincristine, cyclophosphamide, and doxorubicin (EPOCH) 
chemotherapy. Eligible patients had recurrent Hodgkin's (HD) or 
non-Hodgkin 1 s lymphomas (NHL) and measurable disease. Patients initially 
received EPOCH alone and those with stable tumor over 2 cycles 
or progressive disease crossed over to receive dexverapamil and 
EPOCH on subsequent cycles. Dexverapamil was escalated 8 dose 
levels, from 240 to 1200 mg/m2/d. When possible, serial biopsies were 
obtained to measure mdr-1 expression by quant, polymerase chain reaction 
(PCR) . Of 154 patients entered onto the trial, 109 had NHL and 45 had HD. 
The median age was 44 yr, 67% had stage IV disease, and the median number of 
prior regimens was two (range, one to 12) in NHL and one (range, one to 
four) in HD. Sixty-four patients (42%) crossed over, of which 8 were not 
accessable. The maximum- tolerated dose of dexverapamil was 900 
mg/m2/d. Among 41 NHL patients (excluding mycosis fungoides) , there were 
3 complete responses (CRs) and two partial responses (PRs) (12%) and 5 
minor responses (MRs) ; 2 of 10 HD patients achieved PRs. The mdr-1 level 
was measured in 44 biopsies from 19 patients. Pretherapy, mdr-1 was low 
(median, 2 . 5 U) but increased (median, 12.2 U) at crossover. Of six 
patients with mdr-1 levels greater than 15 U, 3 responded to 
dexverapamil, while only 1 of 8 patients with mdr-1 levels less 
than 15 U responded. EPOCH and dexverapamil were well 

tolerated, but compared with EPOCH alone, produced more hematol . toxicity. 
These results suggest that Pgp plays a role in clin. drug resistance of 
lymphomas. However, they also suggest that mechanisms other than Pgp are 
prominent in heavily pretreated patients and that, although Pgp inhibition 
may be necessary, it is probably insufficient. Earlier intervention with 
dexverapamil may be more effective and warrants further study. 
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TITLE: In vitro effects of R-verapamil on the 

cytokine environment and T-lymphocyte proliferation 
when human T-lymphocyte activation takes place in the 
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Bruserud, Oystein 

Haukeland Hospital, University Bergen, Bergen, N-5021, 
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Cancer Chemotherapy and Pharmacology (1996), 39(1/2), 
71-78 

CODEN: CCPHDZ; ISSN: 0344-5704 
Springer 
Journal 
English 

Interleukin 4 (IL4) and interferon-y (IFNy) release was 
inhibited by R-verapamil from polyclonal T-cells activated with 
T-cell mitogen phytohemagglutinin, and proliferation and release of 
IFNy and IL10 by normal T-cells stimulated with allogeneic 

peripheral blood mononuclear cells derived from acute myelogenous leukemia 
patients. The antiproliferative effect was in the presence of exogenous 
IL2 . R-verapamil inhibited the release of ILip and 
TNF-ct during allogeneic stimulation. 
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Cellular drug efflux and reversal therapy of 
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LANGUAGE: English 

AB A prevalent form of multidrug resistance (MDR) in cancer cells 

is caused by an ATP-dependent drug efflux pump; this pump catalyzes the 
rapid exit of cytotoxic chemotherapy drugs from the cells. The Michaelis 
equation can be used to describe drug efflux through the MDR pump at a low 
drug substrate concentration [S] . The inhibition mechanism of an MDR reversal 
agent can be characterized when two different values of [S] are used to 
determine two values for the half -inhibition of efflux through the pump (150) 
are identical; the reaction is competitive when an increase in [S] 
produces a significant increase in the value of 150. The 150 has been 
determined for several different reversal agents with the substrate rhodamine 
123. The inhibition potency observed is: cyclosporin A > DMDP > amiodarone > 
verapamil > quinidine > quinine > propranolol . Chemotherapy drugs 
that are potent inhibitors of the MDR pump could be used for the treatment 
of MDR neoplasia. 
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Effects of dipyridamole and R-verapamil on 
in vitro proliferation of blast cells from patients 
with acute myelogenous leukemia 
Bruserud, Oeystein; Pawelec, Graham 
Med. Dep. B., Haukeland Univ. Hosp., 
Norway 

Leukemia Research (1993), 17(6), 507- 
CODEN: LEREDD; ISSN: 0145-2126 
Journal 
English 

Cytokine -dependent AML cell proliferation was investigated in 16 patients. 
Dipyridamole and R-verapamil caused a dose -dependent inhibition 
of AML cell proliferation, and for both drugs the degree of inhibition was 
similar when testing various hematopoietic growth factors or growth factor 
combinations (IL3, G-CSF, GM-CSF, G-CSF, G-CSF + CM-CSF, TNF-a+ 
GM-CSF) . TNFa alone increased AML cell proliferation for five 
patients, whereas four patients showed unaltered or decreased 
proliferation. Independent of this TNF-ot effect, R- 
verapamil inhibited proliferation for all AML patients in the 
presence of TNF-a, whereas dipyridine caused only a weak inhibition. 
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P-glycoprotein-associated resistance to taxol and 
taxotere and its reversal by dexniguldipine-HCl , 
dexverapamil-HCl, or cyclosporin A 
Ise, Wolfgang; Heuser, Margrit; Sanders, Karl 
Heinrich; Beck, James; Gekeler, Volker 
Byk Gulden GmbH, Konstanz, D-78403, Germany 
International Journal of Oncology (1996), 8(5), 
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International Journal of Oncology 
Journal 
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A series of different human MDR (multidrug-resistant ) cell lines including 
a HeLa-MDRl transfectant which exhibit high overexpression of the 
MDRl/P-glycoprotein gene, but no enhanced expression of the MRP (multidrug 
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resistance associated protein) gene, showed different ratios of relative 
resistances to the taxanes taxol and taxotere. Using these cell lines the 
chemosensitizing efficacies of several structurally different 
chemosensitizers, i.e. the dihydropyridine dexniguldipine-HCl (B8509-035) , 
its main pyridine metabolite Ml (B8909-008) , the cyclic peptide 
cyclosporin A, or the phenyla Iky 1 amine dexverapamil-HCl , were 
examined applying a 72 h tetrazolium based colorimetric MTT-assay, or a 96 h 
sulforhodamine B assay. Remarkably, we observed in some instances that the 
modulating efficacy of a particular chemosensitizer was strongly dependent 
on the cell line used for experimentation. Thus, dexniguldipine-HCl 
efficiently modulated taxane resistances of the ovarian carcinoma MDR cell 
line 2780AD in the submicromolar concentration range, whereas cyclosporin A and 
the other chemosensitizers were rather ineffective. Dexniguldipine-HCl or 
cyclosporin A, however, both showed a similarly strong modulating activity 
on the HeLa-MDRl transfectant in clear contrast to the effects observed using 
the pyridine B8909-008, or dexverapamil-HCl, resp., at the same 
final concns. Our results point to addnl . , as yet unidentified factors 
beyond the expression levels of P-glycoprotein which could contribute to 
the susceptibility of MDR cells to a combined treatment using taxanes and 
different chemosensitizing compds . This result appears to be important 
considering the clin. application of chemosensitizers for combination 
therapy of tumors of different origin. 

LI 3 ANSWER 37 OF 66 CAPLUS COPYRIGHT 2 004 ACS on STN 
ACCESSION NUMBER: 1994:569646 CAPLUS 

DOCUMENT NUMBER: 121:169646 

TITLE: Inhibition of P-glycoprotein-mediated vinblastine 

transport across HCT-8 intestinal carcinoma monolayers 
by verapamil, cyclosporine A and SDZ PSC 83 3 
in dependence on extracellular pH 
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AB The ability of the multidrug resistance modifiers R- and R,S- 
verapamil (VPL) , cyclosporine A (CsA) and its non- 

immunosuppressive derivative SDZ PSC 833 (PSC 833) to inhibit P-glycoprotein 
(P-gp) -mediated transepithelial flux of tritiated vinblastine was 
investigated using tight and highly resistant (R > 1,400 Q cm2) 
monolayer cultures of intestinal adenocarcinoma-derived HCT-8 cells grown 
on permeable tissue-culture inserts. Apical addition of these 
chemosensitizers inhibited drug flux (137 pmol h-1 cm-2; range, 133-142 
pmol h-1 cm-2) in the basal to apical secretory direction at clin. 
relevant concns., with PSC 833 showing the highest activity, exhibiting 
inhibition at concns. as low as 10 ng/mL (9 nM) . Acidification of the 
modulator-containing apical compartment to an extracellular pH (pHo) of 6.8 
had no influence on MDR reversal by CsA at 1 ug/mL (0.9 ^iM; flux 
inhibition, 52%) or by PSC 833 at 100 ng/mL (0.09 uM; flux inhibition, 
60%), in contrast to R,S- and R-VPL, which showed decreased inhibition and 
caused less accumulation of vinblastine in HCT-8 cells under this 
condition (flux inhibition of 35% and 23%, resp., at pHo 6.8 vs 50% and 
43%, resp., at pHo 7.5). P-gp-mediated rhodamine 123 efflux from 
dye-loaded single-cell suspensions of HCT-8 cells as measured by flow 
cytometry was not impeded at pHo 6.8 in comparison with pHo 7.5 in standard 
medium, but at low pHo the inhibitory activity of R-VPL (2 9% vs 60% 
rhodamine 123 efflux inhibition) was diminished significantly, again 
without a reduction in the effect of PSC 833 (rhodamine 123 flux inhibition, 



75%) . In conclusion, drug extrusion across polarized monolayers, which 
offer a relevant model for normal epithelia and tumor border 
areas, is inhibited by the apical presence of R,S- and R-VPL, CsA and PSC 
833 at similar concns . described for single-cell suspensions, resulting in 
increased (2.2- to 3. 7 -fold) intracellular drug accumulation. Functional 
apical P-gp expression, the absence of paracellular leakage and 
modulator- sensitive rhodamine 123 efflux in single HCT-8 cells indicate a 
P-gp-mediated transcellular efflux in HCT-8 monolayers. In addition to its 
high MDR- reversing capacity, the inhibitory activity of PSC 833 is not 
affected by acidic extracellular conditions, which reduce the VPL-induced 
drug retention significantly. As far as MDR contributes to the overall 
cellular drug resistance of solid tumors with hypoxic and acidic 
microenvironments, PSC 833 holds the greatest promise for clin. reversal 
of unresponsiveness to the resp. group of chemotherapeutics . 

L13 ANSWER 38 OF 66 CAPLUS COPYRIGHT 2004 ACS on STN 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 



INVENTOR (S) : 
PATENT ASSIGNEE (S) : 
SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



2002 : 521462 CAPLUS 
137:88442 

Incensole and furanogermacrens and compounds in 
treatment for inhibiting neoplastic lesions and 
microorganisms 

Shanahan - Pende rgas t , E 1 i s abet h 
Ire. 

PCT Int. Appl., 68 pp. 

CODEN: PIXXD2 

Patent 

English 

1 



PATENT NO. 



KIND DATE 



APPLICATION NO. DATE 



WO 2002053138 A2 20020711 WO 2002-IE1 20020102 

WO 2002053138 A3 20020919 

W: AE, AG, AT, AU, BB, BG, CA, CH, CN, CO, CU, CZ, LU, LV, MA, MD, 

UA, UG, US, VN, YU, RU, TJ, TM 
RW: GH, GM, KE, LS , MW, SD, SL, SZ, UG, AT, BE, CH, CY, DE, ES , FI, 
ML, MR, NE, SN, TD, TG 
EP 1351678 A2 20031015 EP 2002-727007 20020102 

R: AT, BE, CH, DE, DK, ES, FR, GB, GR, IT, LI, LU, NL, SE, MC , PT, 
IE, SI, LT, LV, FI, RO, MK, CY, AL, TR 
US 2004092583 Al 20040513 US 2004-250535 20040102 

PRIORITY APPLN. INFO.: IE 2001-2 A 20010102 

WO 2002-IE1 W 20020102 

OTHER SOURCE(S): MAR PAT 137:88442 

AB The invention discloses the use of incensole and/or furanogermacrens, 

derivs. metabolites and precursors thereof in the treatment of neoplasia, 
particularly resistant neoplasia and immundys regulatory disorders. These 
compds . can be administered alone or in combination with conventional 
chemotherapeutic, antiviral, antiparasite agents, radiation and/or 
surgery. Incensole and f uranogermacren and their mixture showed antitumor 
activity against various human carcinomas and melanomas and antimicrobial 
activity against Staphylococcus aureus and Enterococcus faecalis. 
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AB The purpose of this study was to determine the maximum tolerated dose (MTD) of 
a 

cytotoxic regimen consisting of the second-generation chemosensitizer 
dexverapamil (DVPM) , high dose epirubicin, and recombinant human 
granulocyte -macrophage -colony stimulating factor (GM-CSF) in pancreatic 
carcinoma. Twenty-eight previously untreated patients with locally 
advanced or metastatic adenocarcinoma of the pancreas were studied. 
Treatment consisted of oral DVPM at a dose of 1000-1200 mg/day for 3 days, 
epirubicin administered as an i.v. bolus injection on Day 2 with an 
initial dose of 90 mg/m2, and a dose of GM-CSF of 400 jug administered 
s.c. from Day 5s through 14. Epirubicin dose escalation levels were 90, 
105, 120 and 135 mg/m2. Consecutive cohorts of four to eight patients 
were planned at each dose level . Treatment cycles were repeated every 3 
wk. Hematol. toxicity, specifically granulocytopenia, constituted the 
dose -limiting toxicity with an MTD of 12 0 mg/m2 for epirubicin. Despite 
routine supportive therapy with GM-CSF, four, two, and five patients 
experienced Grade 4 granulocytopenia during their first two treatment 
courses at levels 105, 120, and 135 mg/m2, resp. Grade 4 granulocytopenia 
was observed in two, three, and one addnl . patients during subsequent courses 
with these levels. Nonhematol . toxicity was uncommon, generally modest, 
and did not correlate clearly with the anthracycline dose. 
Dexverapamil -related cardiovascular symptoms occurred frequently, 
but they never resulted in serious toxicity requiring active medical 
intervention or permanent discontinuation of therapy. Nine of 2 8 patients 
achieved partial responses to this therapy. Stable disease was observed in 
nine patients, and tumor progress occurred in 10. The MTD of 
epirubicin for this regimen with DVPM and GM-CSF was 12 0 mg/m2 every 3 wk. 
Though it remains uncertain whether the encouraging response activity 
observed in this disease-oriented Phase I study was, in fact, due to 
successful modulation of multidrug resistance, these results suggest that 
this regimen is likely to be an effective and tolerable treatment strategy 
for patients with pancreatic cancer, which should be evaluated 
further . 
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AB The ATPase activities of a sensitive and five progressively 

daunorubicin-resistant Ehrlich ascites tumor cell lines passaged 
in mice were characterized. For the nine different modulators of drug 
resistance that the authors have studied, the ATPase activity first rose 
with the modulator concentration and then declined. The authors analyzed the 
ATPase activity profiles in terms of an activation constant and an 
inhibition constant for each of the nine drugs and six cell lines. In this 
series of cell lines, the drug-stimulatable ATPase activity was directly 



proportional to the amount of P-glycoprotein. Pumping of daunorubicin was 
also correlated with the amount of P-glycoprotein, except that, for a highly 
passaged line more daunorubicin was pumped than could be accounted for by 
the content of P-glycoprotein. Between the 12th and the 36th passage an 
addnl. source of resistance emerged, which was not correlated with 
P-glycoprotein. Pumping of daunorubicin was neg. correlated with the cell 
volume for the different lines. 
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AB Several structural analogs of verapamill were studied for their ability to 
reverse multi-drug resistance (MDR) in human KB cell lines. D595, D792 
and verapmill completely reversed resistance to colchicine and adriamycin. 
D595 and D792 had a higher reversing potency than verapamil. 
Devapamil, gallopamill, emopamil and D528 partially reversed MDR. The 
reversing potency of a drug did not correlate with its calcium 
antagonistic activity. No differences in reversing potency between 
(R) -isomers, (1) -isomers and th racemic forms were observed in the case of 
both verapamill and emopamil. (R) -Isomers, (L) -isomers and the racemic 
forms were observed in the case of both verapamil and emopamil. 
(R) -Verapamil, which has less calcium antagonistic activity and 
less in vivo toxicity than racemic verapamil, and D792, which 
has higher reversing potency and less in vivo toxicity than racemic 
verapamil, should be suitable for clin. applications to overcome 
drug resistance in cancer patients. 
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AB Cytokine -induced expression of adhesion mols. on leukocytes and 

endothelial cells (EC) is a crucial point in the process of organ 
transplant rejection. It has been shown that protein kinase C (PKC) is 
involved in this activation process. Verapamil and other 
calcium channel blockers seem to possess immunosuppressive qualities in 
vivo and in vitro; some authors suggested that this is due to PKC- or 
calmodulin-antagonism. Thus, our objectives were to further investigate 
the second-messenger systems involved in the stimulation of EC and to 
analyze whether the beneficial influence of calcium channel blockers on 
the outcome of transplantation Is due to impaired expression of adhesion 
mols. on EC. Our results, obtained in an in vitro model using human 
umbilical vein EC, show that IL-l-induced expression of intercellular 
adhesion mol.-l (ICAM-1) is in part mediated by PKC and that parallel 
activation of calmodulin is required. Expression of ICAM-1 was reduced to 



38.5% by PKC- inhibitor H7 and to 77.2% by calmodulin- inhibitor W7 . In 
addition, data on the intracellular events in TNF-ct- induced expression 
of vascular cell adhesion mol.-l (VCAM-1) is presented, showing that both 
PKC and, to a higher extent, calmodulin, are involved in this process. 
Expression of VCAM-1 was reduced to 63.7% by H7 and to 27.7% by W7 . 
IL-l-induced expression of endothelial leukocyte adhesion mol.-l (ELAM-1) 
is PKC-dependent but insensitive to blocking of calmodulin. Though 
activation of adhesion mol. expression utilizes PKC and/or calmodulin as 
second-messenger pathways the investigated calcium channel blockers 
verapamil (R- and S-enantiomers) , diltiazem and Ro 40-5967 failed 
to inhibit adhesion mol. expression. 
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The cytotoxicity and cellular uptake of doxorubicin was evaluated in the 
presence and absence of several multidrug resistance (MDR) modulators in 
the P-glycoprotein overexpressing cell lines, P3 88/ADR murine lymphocytic 
leukemia and MCF7/ADR human breast carcinoma. MDR fold-reversal and the 
residual resistance factor were used to analyze the cytotoxicity results. 
Newer second generation modulators such as PSC 833, dexniguldipine and 
Roll-2 933, exhibited higher fold-reversal and lower residual resistance 
values than first generation modulators, such as verapamil. 
Cytotoxicity data correlated with cellular uptake indicating the blockade 
of the drug efflux pump. These results emphasize the importance of estimating 
residual resistance in conjunction with fold-reversal when screening MDR 
reversing agents for in-vivo application. 
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Circumvention of multidrug resistance in vitro by resistance modulators is 
well documented but their clin. use may be limited by effects on normal 
tissues. The authors have compared four resistance modifiers, both in 
terms of modulation of doxorubicin sensitivity in vitro and toxicity in 
vivo, in order to determine whether it is possible to select agents with clin. 
potential. Verapamil, D-verapamil and quinidine are 
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all maximally active in the multidrug resistant cell line at about 7 u-M 

and are not cytotoxic at this concentration The tiapamil analog Roll -2 93 3 is a 

highly potent resistance modulator such that at only 2 uM sensitization 

is greater than is seen with the other modulators at 7 nM. Since the 

ID50 concentration for Roll-2933 is 17.7 uM (5-12-fold less than the other 

modifiers) the authors have used isobologram anal, to demonstrate that the 

interaction with doxorubicin is supra- additive and cannot be explained by 

additive toxicity. This method of anal, also revealed that when 

resistance modulation is related to the cytotoxicity of the modulator 

itself, all four modulators show comparable activity. On the other hand, 

measurement of the acute toxicity in mice of the modulators did reveal 

differences. The LD10 for verapamil (51 mg/kg) was about one 

third of that for quinidine (185 mg/kg) and this is consistent with the 

known maximum tolerated plasma levels in patients. Furthermore, while 

epirubicin alone was unable to reduce the growth rate of a multidrug 

resistant human tumor xenograft, the addition of quinidine, but not 

verapamil, at the maximum tolerated dose did do so. D- 

Verapamil was only about half as toxic as racemic 

verapamil and this too is consistent with clin. observations. The 

LD10 for Roll-2933 (152 mg/kg) was comparable with that for quinidine. In 

the human tumor xenograft model maximal growth inhibition was 

observed with the combination of epirubicin and Roll-2933 (45 mg/kg) and this 
degree of growth inhibition was comparable to that obtained with 
epirubicin alone in the drug sensitive xenografts. Roll-2933 had no 
measurable effects on the plasma or tumor pharmacokinetics of 
epirubicin. These results suggest that it is possible to predict the 
clin. potential of a resistance modulator. Furthermore, Roll-2933 is a 
promising agent for use in the clinic since maximal resistance modulation 
in vivo is observed at about one third of the LD10 dose. 
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AB The enhancement of vinblastine cytotoxicity with 4 major classes of 

Ca-blocking agents was studied in multidrug resistant primary human renal 
cell carcinomas. Seven different Ca antagonists were selected: 
verapamil (VPM, racemic form) , its R-stereoisomer (R-VPM) , 
diltiazem, flunarizine, nifedipine, and its derivs . nimodipine and 
nitrendipine. Verapamil or R-verapamil causes a 
significant decrease of viable tumor cells as compared to 

vinblastine alone. Similar effects were found with diltiazem, nifedipine, 
and its derivs. reaching .apprx.70% of the VPM/ (R) -VPM activity. 
Flunarizine showed only minor enhancement of cytotoxicity. P-170 
glycoprotein expression was demonstrated in 18 of 32 tumors, and 
a relation of chemoresistance was evident. None of the chemoresponders , 
but 18 or 25 (72%) of the highly resistant tumors, revealed this 
resistance factor. It was concluded that certain Ca antagonists in 
combination with chemotherapy may well offer therapeutic options in renal 
cell carcinoma as they apparently inactivate the underlying mechanism 
conferring resistance. The new stereoisomer, (R) -VPM, in particular, may 
be used in clin. trials since it combines strong enhancement of 
vinblastine drug responsiveness with a 10 -fold lower cardiovascular 
activity as compared to racemic VPM, thus allowing higher concns . to be 
applied. 
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AB Pharmaceutical compns. and methods are provided for sensitizing 
multidrug-resistant cancer or radiation-resistant cancer 
cells to chemotherapeutic agents. Compns. include ligands of hyaluronan 
receptors, including glycosaminoglycans , e.g. hyaluronan oligomers and 
derivs. of these oligomers, hyaluronan binding proteins, and antibodies 
specific for hyaluronan receptors. The multidrug-resistance cells may 
also be bacterial cells. 
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The functional expression of P-glycoprotein has been studied in confluent 
epithelial layers of human Caco-2 cells, a polarized, highly 
differentiated cell line demonstrating an intestinal absorptive cell 
phenotype . Expression of P-glycoprotein was localized, by indirect 
immunofluorescence with monoclonal antibody MRK16, to the apical 
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sh-border, approx. 20 jam above the base of the cells. Functional, 



high capacity expression of P-glycoprotein in Caco-2 cell layers was 
demonstrated by the saturable secretion of vinblastine, a typical 
substrate, from basolateral to apical surfaces: Km 18.99 ± 5.55 uM, 
Vmax 1285.9 ± 281.2 pmol-cm-2 h-1. The direct correlation of 
apical P-glycoprotein expression with vinblastine net secretory flux was 
demonstrated by the reduction of this flux after treatment with MRK16 
antibodies. Vinblastine secretory flux was also reduced by treatment with 
verapamil (R- and S- isomers with equal affinity) , nifedipine, 
taxotere, and 1, 9-dideoxyf orskolin. Kinetic analyses suggest that the 
inhibition of vinblastine secretory flux by verapamil and 
nifedipine was competitive, while that by dideoxyf orskolin was 
non-competitive, in nature. The polarized expression and activity of 
P-glycoprotein in Caco-2 cells is direct evidence for its secretory 
detoxifying function in the intestine, subserving at least one 
role of the gastrointestinal epithelial barrier. 



LI 3 ANSWER 48 OF 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 



66 



the 



CAPLUS COPYRIGHT 2 004 ACS on STN 
1993:52021 CAPLUS 
118 :52021 

Effect of calcium-modifying agents on the growth of 
human gastric carcinoma cells in vitro 
Piontek, Michael; Hengels, Klaus Juergen 
Dep. Gastroenterol., Univ. Hosp., Duesseldorf, 4000/1, 
Germany 

Anticancer Research (1992), 12(5), 1559-63 
CODEN: ANTRD4; ISSN: 0250-7005 
Journal 
English 

The antiproliferative effects of various calcium-modifying agents were 
investigated in human AGS gastric carcinoma cells in culture. Variation 
of the extracellular calcium concentration, achieved by addition of calcium to 
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growth medium or binding of calcium to the calcium- chelating agent EDTA, 
appeared to have little influence on growth of the tumor cells. 
In contrast, the calcium antagonist verapamil, the calcium 
ionophore A 23.187 and the calmodulin antagonist W 7, agents supposed to 
interfere with the regulation of the intracellular calcium concentration, all 
exerted marked growth inhibiting effects. These results provide evidence 
for an important role of intracellular calcium-dependent mechanisms in 
growth regulation of the human gastric adenocarcinoma cell line AGS. 
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AB Screening methods are provided for evaluating compds . capable of 

suppressing cytokine production either in vitro or in vivo. The methods 
generally involve stimulating the production of a cytokine in a cell, exposing 
a portion of the cells to a putative cytokine -modulating agent, and determining 
subsequent levels of cytokine production in the cells. Addnl . , the present 
invention provides certain compds. identified by this method, as well as 
methods for treating conditions modulated by TNF. The methodol. of the 
invention may be used for e.g. prevention or reduction of transdermal drug 
delivery system- induced irritation and treatment of skin or systemic 
inflammatory conditions. Examples include e.g. inhibition of stimulated 
cytokine production in human cells by a variety of drugs. Verapamil 
was effective in preventing the development of skin inflammatory responses 
in mice. 
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AB A newly synthesized dihydropyridine analog, PAK-200 (I) , at 5 ^iM 

inhibited the efflux of [3H] vincristine from KB-C2 cells and increased the 
accumulation of [3H] vincristine in KB-C2 cells to a level similar to that 
in KB-3-1 cells. I inhibited the photoaf f inity labeling of P-glycoprotein 
in KB-C2 membranes by [3H] azidopine . At 5 nM, I enhanced the cytotoxic 
effect of Adriamycin on drug- sensitive KB-3-1 cells, multidrug-resistant 
KB-8-5 cells, and two human colorectal carcinoma tumor lines, 
COK-28LN and C0K-36LN, by factors of 2 , 5, 2, and 3 times, resp. The 
calcium antagonistic activity of I was about 1000 and 5 times lower than 
that of another dihydropyridine analog, nicardipine, and of 
verapamil, resp. I in combination with Adriamycin completely 
suppressed the growth of KB-3-1 and COK-36LN and partially suppressed the 
growth of KB-8-5 but had not significant effect on COK-28LN cells 
xenografted in nude mice. The level of MDR1 expression of COK-36LN was 
about 3 times higher than that of COK-28LN, but lower than that of KB-8-5 
cells. These results suggest that the interaction of I with 
P-glycoprotein may be partly correlated with the enhancement of the 
antitumor effect of Adriamycin on xenografted KB-8-5 and COK-36LN cells in 
nude mice. 
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AB A common form of multidrug resistance in human cancer results 
from expression of MDR1 gene which encodes a plasma membrane 
energy-dependent multidrug efflux pump. The authors have engineered 
transgenic mice which express this multidrug transporter in their bone 
marrow cells and demonstrated that peripheral WBC of these animals provide 
a rapid and reliable system for assessing the bioactivity of agents that 
reverse multidrug resistance. Immunocytochem. anal, of bone marrow smears 
suggests that the activation of the MDR1 transgene has probably occurred 
at a very early stage of bone marrow differentiation since most bone 
marrow cells express the transporter. Expression of this transgene in 
bone marrow produces about 10 -fold resistance to leukophenia induced by 
taxol compared to normal bone marrow. Chemosensitization of MDR1 mice to 
daunomycin and taxol, measured by a fall in WBC, is detectable at a dose 
as low as 0.01 mg/kg R-verapamil. A dose of 0.5 mg/kg R- 
verapamil reduces the WBC by nearly 50%. Chemosensitization of 
MDR- transgenic mice with 5 mg/kg R-verapamil, which is highly 
effective in reversing MDR and readily tolerated by mice, necessitates a 
reduction of the maximum tolerated dose of most chemotherapeutic agents by only 
20%. In addition, detailed histopathol . examination shows that treatment of 



mice 



with chemotherapeutic drugs and R-verapamil does not change the 
organ-related toxicity pattern but only moderately accentuates inherent 
toxic side effects of the chemotherapeutic agents. MDR1 -Transgenic mice 
represent a valid model for evaluating efficacy, potency, and toxicity 
associated with chemotherapy and chemosensitization of multidrug-resistant 
cells in animals. 
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This work shows that the liposomal formulation of daunorubicin (DaunoXome) 
doubles daunorubicin toxicity in tumor cell lines with an 

multidrug resistance (MDR) -associated overexpression of multidrug resistance 
protein (MRP) or lung resistance-associated protein (LRP) . The increase in 
daunorubicin toxicity due to the liposome encapsulation is higher than 
that produced by adding the MDR modifiers SDZPSC833 or D-verapamil 
to free anthracycline. 
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The (-) -isomer of verapamil is 10-fold more potent as a calcium 
antagonist than the (+) -isomer. However, both enantiomers are equally 
effective in increasing cellular accumulation of anticancer drugs [Gruber 
et al., 1988]. In addition to verapamil, there exists a wide 
variety of stereoisomers with phenylalkylamines and dihydropyridine 
structures which markedly differ in their potency as calcium antagonists. 
The authors tested these drugs for their ability to increase intracellular 
accumulation of [3H] vinblastine ([3H]VBL) in a doxorubicin- resistant cell 
line (F4-6RADR) derived from the Friend mouse leukemia cell line (F4-6P) 
and in COS-7 monkey kidney cells. Both cell types express substantial 
amts. of multidrug resistance gene 1 mRNA and P-glycoprotein as revealed 
by RNA and immuno blot anal . The enantiomers with phenyl akyl amine 
structures [(+) -verapamil ; (±) -devapamil ; 

(±) -emopamil) ] and with dihydropyridine structures [ (±) -isradipine; 
(±) -nimodipine; (±) -felodipine; (±) -nitrendipine; 

(±) -niguldipine] increased [3H]VBL accumulation in both cell lines at 
micromolar concns . Although the stereoisomers of these drugs differ 
markedly in their potency as calcium channel blockers, they were about 
equally effective in increasing VBL levels in the cells. There was no 
substantial difference in the potencies of the phenylalkylamine drugs in 
affecting cellular [3H]VBL transport. Major potency differences, however, 
were observed in the dihydropyridine drug series with the niguldipine isomers 
as the most effective drugs. Moreover, the niguldipine enantiomers were 
equally as effective in reversing VBL resistance in F4-6RADR cells as were 
the the verapamil enantiomers. Since (-) -niguldipine (B859-35) 



displays a 45 -fold lower affinity for calcium channel binding sites than 
(+) -niguldipine, but is equally potent in inhibiting drug transport by 
P-glycoprotein and in reversing drug resistance, it may be, in addition to 
(+) -verapamil, another useful candidate drug for the treatment 
of multidrug resistance in cancer patients. 
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The present invention provides a number of screening methods for evaluating 
compds. capable of suppressing cytokine production either in vitro or in vivo. 
The methods generally involve stimulating the production of a cytokine in a 
cell, exposing a portion of the cells to a putative cytokine modulating 
agent and determining subsequent levels of cytokine production in the cells. 
Addnl., the present invention provides certain compds. identified by this 
method. Therapeutic formulations containing the cytokine inhibitors that are 
applicable to skin conditions or diseases having an inflammatory and/or 
immunoallergic component are included in the present invention. Such 
formulations are useful for relief from chronic and acute conditions, 
flare-ups and in conjunction with other drug therapies. E.g., a 
loperamide gel was prepared containing (in percent by weight) loperamide 
Carbopol 940 1.5, and triethanolamine 1.5%, resp., with water making up 
the reminder. 
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AB The MDR1 protein is an energy -dependent transport protein responsible for 
the multi-drug resistance seen in many tumors. A variety of 
drugs have been shown to inhibit the function of this pump, including 
compds. known to block various ion channels. The mouse lymphoma cell line 
L5178Y has been transduced with the human mdrl gene. Using this cell 
line, the authors have tested a number of compds. to determine whether there 

is a 

correlation between the ability to block a specific type of ion channel, 
or shift membrane potential, and the ability to act as an MDR-reversing 
agent using the fluorescent substrates Rhodamine 123 and daunorubicin as 
test compds. The authors' results show no apparent correlation between 
the ability to block a specific ion channel and reversal of MDR transport 
ability. The authors have found active MDR inhibitors in compds. that 
affect K+, Na+, Ca2+, H+, but not Cl- channels. The authors' data suggest 
that Cl- channel activity may be distinct from MDR activity. Several 
immunosuppressive compds . and analogs were also tested and found to be 
active reversing agents. Measurements suggest a significant difference in 
resting membrane potential between the L5178YvMDR line and the L5178Y 
parental cell line use in these expts. No correlation was found between 
the ability of drugs to alter membrane potential and to inhibit MDR 
transport activity. The authors 1 results suggest that MDR transport 
function may be independent of the physiol. movement of ions and show that 
a wide variety of compds. can inhibit MDR transport. 
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AB The development of preclin. models for the rapid testing of agents that 
circumvent multidrug resistance in cancer is a high priority of 
researc h on drug resistance. A common form of multidrug resistance in 
human cancer results from expression of the MDR1 gene, which 
encodes a Mr 170,000 glycoprotein that functions as a plasma membrane 
energy- dependent multidrug efflux pump. Transgenic mice that express this 
multidrug transporter in their bone marrow were engineered; these animals 
are resistant to leukopenia by a panel of anticancer drugs including 
anthracyclines, vinca alkaloids, etoposide, taxol, and actinomycin D. 
Differential leukocyte counts indicate that both neutrophils and 
lymphocytes are protected. Drugs such as cisplatin, methotrexate, and 
5-f luorouracil, which are not handled by the multidrug transporter, 
produce bone marrow suppression in both normal and transgenic mice. The 
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AB In human neutrophils, the chemotactic peptide N-f ormyl -L-methionyl -L- 

leucyl-L-phenylalanine ( f MLP) induces increases in the intracellular free 
Ca2+ concentration ( [Ca2 + ] i) with subsequent activation of beta- 
glucuronidase release and superoxide (02-) production. Results 
from several laboratories suggest that the increase in [Ca2+] i is due to 
activation of non-selective cation (NSC) channels. We studied the 
biophysical characteristics, pharmacological modulation and functional 
role of NSC channels in dibutyryl cyclic AMP (Bt2cAMP) -differentiated 
HL-60 cells, f MLP increased [Ca2+] i by release of Ca2+ from intracellular 
stores and influx of Ca2+ from the extracellular space. fMLP also induced 
Mn2+ influx. Ca2+ and Mn2+ influxes were inhibited by , 
1- (beta- [3- (4 -methoxyphenyl) propoxy] -4 -methoxyphenethyl) -1H- imidazole 
hydrochloride (SK&F 96365) . Under whole-cell voltage -clamp conditions, 
fMLP and ATP (a purinoceptor agonist) activated inward currents 
characterized by a linear current -voltage relationship and a reversal 
potential near 0 mV. NSC channels were substantially more permeable to 
Na+ than to Ca2+. SK&F 96365 inhibited fMLP- and ATP- stimulated currents 
with a half-maximal effect at about 3 microM. Pertussis toxin prevented 
stimulation by fMLP of NSC currents and reduced ATP- stimulated currents by 
about 80%. Intracellular application of the stable GDP analogue, 
guanosine 5 ' -O- [2 -thio] diphosphate, completely blocked stimulation by 
agonists of NSC currents. In excised inside-out patches, single channel 
openings with an amplitude of 0.24 pA were observed in the presence of 
fMLP and the GTP analogue, guanosine 5' -O- [3 -thio] triphosphate . The bath 
solution contained neither Ca2+ nor ATP. The current/voltage relationship 
was linear with a conductance of 4-5 pS and reversed at about 0 mV. 
fMLP- induced beta-glucuronidase release and 02- production were 
substantially reduced by replacement of extracellular CaC12 or NaCl by 
ethylenebis (oxyethylenenitrilo) tetra-acetic acid and choline chloride 
respectively. In the absence of Ca2+ and Na+, fMLP was ineffective. SK&F 
96365 inhibited fMLP-induced beta-glucuronidase release and 02- 
production in the presence of both Ca2 + and Na+, and in the presence of 
Ca2+ or Na+ alone. NaCl (25-50 mM) enhanced the basal and absolute extent 
of fMLP-stimulated GTP hydrolysis of heterotrimeric regulatory G-proteins 
in HL-60 membranes. The order of effectiveness of salts in enhancing GTP 
hydrolysis was LiCl > KCl > NaCl > choline chloride. (ABSTRACT TRUNCATED AT 
4 00 WORDS) 
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A promising development in tumor therapy is the application of non-toxic 
prodrugs from which the active cytostatic is released by endogenous 
enzymes such as p- glucuronidase (p-gluc) . Regulation 
of p-gluc expression is one crucial factor modulating bioactivation 
of prodrugs. Recent expts. in rats indicate regulation of p-gluc 
activity by the calcium channel blocker verapamil. To 

further explore this phenomenon, we investigated the effect of verapamil 
on p-gluc enzyme activity, protein (western blot) and mRNA expression 
(RT-PCR) as well as the underlying mechanisms (effects of verapamil 
metabolites; promoter activity) in the human hepatoma cell line HepG2 . 
Treatment of HepG2 cells with verapamil revealed down- regulation of 
p-gluc activity, protein, and mRNA level down to 50% of the control 
with EC50 values of 25 uM. Effects were similar for both enantiomers . 
Moreover, it was demonstrated that reduced promoter activity contributes 
to the observed effects. In summary, our data demonstrate regulation of 
human p- glucuronidase expression by verapamil. Based on 
our findings we hypothesize that coadministration of verapamil may effect 
cleavage of glucuronides by p- glucuronidase. 
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A promising development in tumor therapy is the application of non-toxic 
prodrugs from which the active cytostatic is released by endogenous 
enzymes such as beta-glucuronidase (beta-gluc) . Regulation of 
beta-gluc expression is one crucial factor modulating bioactivation of 
prodrugs. Recent experiments in rats indicate regulation of beta-gluc 
activity by the calcium channel blocker verapamil. To 

further explore this phenomenon, we investigated the effect of verapamil 
on beta-gluc enzyme activity, protein (western blot) and mRNA expression 
(RT-PCR) as well as the underlying mechanisms (effects of verapamil 
metabolites; promoter activity) in the human hepatoma cell line 
HepG2 .Treatment of HepG2 cells with verapamil revealed down-regulation of 
beta-gluc activity, protein, and mRNA level down to 50% of the control 
with EC (50) values of 25 microM. Effects were similar for both 
enantiomers. Moreover, it was demonstrated that reduced promoter activity 
contributes to the observed effects. In summary, our data demonstrate 
regulation of human beta-glucuronidase expression by verapamil. 
Based on our findings we hypothesize that coadministration of verapamil 
may effect cleavage of glucuronides by beta-glucuronidase. 
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AB 



resistance conferred by the MDR1 gene can be circumvented in a 
dose-dependent manner by simultaneous administration of agents previously 
shown to be inhibitors of the multidrug transporter in vitro, including 
verapamil isomers, quinidine, and quinine. Verapamil 

and quinine, both at levels suitable for human trials that produced only 
partial sensitization of the MDR1- transgenic mice, were fully sensitizing 
when used in combination. Thus, MDR-1 transgenic mice provide a rapid and 
reliable system to determine the bioactivity of agents that reverse multidrug 
resistance in animals. 
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AB P-glycoprotein (P-gp) , the multidrug resistance (MDR) gene product, is 
exclusively located on the canalicular membrane of hepatocytes. Recent 
studies using isolated rat canalicular liver plasma membrane (cLPM) 
vesicles indicate that daunomycin (DNM) is a substrate for the 
ATP-dependent P-gp efflux system in the rat liver. The isoforms of P-gp 
present in cLPM and in cancer cell lines differ in that the 
major form present in the liver represents the gene product of mdr2 in 
mice (MDR 3 in humans; class III) while the isoform of P-gp in 
cancer cells is the gene product of mdrl in mice (MDR1 in humans, 
class I) . The objective of this study was to examine the inhibitory 
effects of various organic compds . , most of which have been studied 
previously in MDR cancer cells, on P-gp-mediated [3H] DNM uptake 
into cLPM. Also, the stereospecif icity of P-gp for its substrates was 
investigated by comparing the inhibitory effects of the enantiomers and 
the racemic mixts. of verapamil and propranolol. DNM exhibited 
ATP-dependent active transport into rat liver cLPM with a Km of 26.8 ± 
13.4 \iM and a Vmax of 4.9 ± 0.8 nmol/45 s/mg of protein (n = 4) . 
ADP, AMP, and a nonhydrolyzable ATP analog did not increase DNM transport 
over the control value. Thirty-one potential inhibitors were examined; only 
acridine orange, doxorubicin, verapamil, propranolol, 
phosphatidylcholine, p-estradiol glucuronide, and DNM itself showed 
statistically significant inhibition of [3H] DNM uptake into cLPM. These 
results suggest that only a limited number of substrates bind to or are 
transported across the hepatic canalicular membrane via P-gp. 
Phosphatidylcholine, a substrate for the gene product of the class III 
P-gp gene, produced significant inhibition of [3H] DNM transport (30.6% at 
a 10-fold-higher substrate concentration) , suggesting that transport may be 
mediated, at least in part, by this P-gp gene product. There were no 
statistically significant differences in the inhibitory effects of the 
enantiomers and racemate of verapamil on [3H] DNM transport into 
cLPM, but the enantiomers of propranolol exhibited stereospecif ic 
inhibition of DNM transport. (R) -(+) -Propranolol produced a statistically 
significant inhibition of [3H] DNM transport similar to that observed with the 
racemic mixture, while (S) (-) -propranolol showed no inhibition. These 
findings suggest that bile canalicular P-gp may exhibit stereospecif icity 
of binding or transport for its substrates. 
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AB Vinflunine (VFL) is a novel derivative of vinorelbine (NVB, Navelbine®) 
which has shown markedly superior antitumor activity to NVB, in various 
exptl. animal models. To establish whether this new Vinca alkaloid 
participates in P-glycoprotein (Pgp) -mediated multidrug resistance (MDR) , 
VFL-resistant murine P388 cells (P3 88/VFL) were established in vivo and 
used in conjunction with the well established MDR P388/ADR subline, to 
define the in vivo resistance profile for VFL. P388/VFL cells proved 
cross -resistant to drugs implicated in MDR (other Vinca alkaloids, 
doxorubicin, etoposide) , but not to campothecin or cisplatin and showed an 
increased expression of Pgp, without any detectable alterations in 
topoisomerase II or in glutathione metabolism The P3 88/ADR cells proved 
cross-resistant to VFL both in vivo and in vitro, and this VFL resistance 
was efficiently modulated by verapamil in vitro. Cellular 
transport expts . with tritiated-VFL revealed differential uptake by P388 
sensitive and P388/ADR resistant cells, comparable with data obtained 
using tritiated-NVB . In various in vitro models of human MDR 
tumor cells, while full sensitivity was retained in cells 
expressing alternative non- Pgp -mediated MDR mechanisms, cross resistance 
was identified in Pgp -overexpres sing cells. Differences were, however, 
noted in terms of the drug resistance profiles relative to the other 
Vincas, with tumor cell lines proving generally least 

cross -resistant to VFL. Overall, these results suggest that VFL, like 
other Vinca alkaloids, participates in Pgp-mediated MDR, with 
tumor cells selected for resistance to VFL overexpres sing Pgp, yet 
MDR tumor cell lines proved generally less cross resistant to 
VFL relative to the other Vinca alkaloids . 
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Inhibition of protein kinase C (PKC) is discussed as a new approach for 
overcoming multidrug resistance (MDR) in cancer chemotherapy. 
For evaluation of this concept we applied the bisindolymaleimide GF 
1092 03X, which shows a highly selective inhibition of PKC isoenzymes 
a, pi, (32, y, 5 and e in vitro. The 

efficacy of this compound in modulation of MDR was examined using several 
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P-glycoprotein (P-gp) -overexpressing cell lines including a 
MDRl-transf ected HeLa clone, and was compared with the activities of 
dexniguldipine-HCl (DNIG) and dexverapamil-HCl (DVER) , both of 
which essentially act via binding to P-gp. As PKCa has been 
suggested to play a major role in P-gp-mediated MDR, cell lines exhibiting 
different expression levels of this PKC isoenzyme were chosen. On crude 
PKC prepns. or in a cellular assay using a cfos ( -711) CAT-transf ected NIH 
3T3 clone, the inhibitory qualities of the bisindolylmaleimide at 
submicromolar concns . were demonstrated. At up to 1 uM final concns . 
of the PKC inhibitor GF 1092 03X, a concentration at which many PKC isoenzymes 
should be blocked substantially, no cytotoxic or MDR -reversing effects 
whatsoever were seen, as monitored by 72 h tetrazolium-based colorimetric 
MTT assays or a 90 min rhodamine 123 accumulation assay. Moreover, 
depletion of PKCa by phorbol ester in HeLa-MDRl transf ectants had no 
influence on rhodamine 123 accumulation after 24 or 48 h. MDR reversal 
activity of GF 109203X was seen at higher final drug concns., however. 
Remarkably, [3H] vinblastine-sulfate binding competition expts. using 
P-gp-containing crude membrane prepns. demonstrated similar dose dependencies 
as found for MDR reversion by the three modulators, i.e. decreasing 
efficacy in the series dexniguldipine-HCl >dexverapamil-HCl>GF 
109203X. Similar interaction with the P-gp in the micromolar concentration 

range 

was revealed by competition of GF 109203X with photoincorporation of 
[3H] azidopine into P-gp-containing crude membrane prepns. No significant 
effect of the PKC inhibitor on MDR1 expression was seen, which was examined 
by cDNA-PCR. Thus, the bisindolylmaleimide GF 109203X probably influences 
MDR mostly via direct binding to P-gp. Our work identifies the 
bisindolylmaleimide GF 109203X as a new type of drug interacting with P-gp 
directly, but does not support the concept of a major contribution of PKC 
to a P-gp-associated MDR, at least using the particular cellular model 
systems and the selective, albeit general, PKC inhibitor GF 109203X. 
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AB Clin, studies of agents capable of reversing P-glycoprotein (Pgp) -mediated 
multidrug resistance have attracted much attention in recent years. One 
question of interest in such studies is whether the concns. achieved by 
chemosensitizers are sufficient to inhibit Pgp function. The goal of the 
present study was to develop a reliable ex vivo bioassay for anal, of the 
Pgp- inhibiting activity of chemosensitizer-containing patient serum. The 
fluorescent Pgp substrates daunorubicin (DNR) and rhodamine 123 (R123) 
were used as probes for Pgp function. The 8226/DOX6 human myeloma cell 
line, which expresses Pgp at levels that can be detected in clin. 
cancers, was used as a model system. The index chemosensitizers 
tested were dexverapamil (DVPM) and cyclosporin A, with 

particular focus on DVPM. Using flow cytometry, chemosensitizer effects 
on 1-h drug accumulation and on drug retention at 3 0 min were evaluated. 
In the studies using pooled human serum spiked in vitro with graded 
chemosensitizer concns., the order of assay sensitivity was R123 retention 
>>> R123 accumulation > DNR retention equal to DNR accumulation. Keeping 
serum spiked with DVPM for several hours at room temperature or 4°C or 
for several months at -80°C had no effect on Pgp-blocking activity. 



Sixteen blood samples from patients with metastatic breast cancer 
receiving DVPM to overcome epirubicin resistance were analyzed for 
Pgp-inhibiting activity and for levels of DVPM and nor-DVPM, the major 
metabolite of verapamil. Each patient sample was found capable 
of increasing R123 retention in the 8226/DOX6 cells, with activity factors 
of 3- to 8-fold and good agreement between DVPM blood levels and bioassay 
activity (r = 0.7168; two-sided P = 0.0018). The R123 retention assay 
developed and validated in this study seems to be a sensitive, 
reproducible, and easy-to-use method for anal, of Pgp-inhibiting activity 
of chemosensitizer-containing human serum. The assay seems capable of 
estimating 

DVPM blood levels and could prove to be a valuable tool for monitoring 
chemosensitizer treatment in cancer patients. 
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AB The functional contribution of both P-glycoprotein (P-gp) and the 

multidrug resistance-associated protein (MRP) to multidrug resistance (MDR) 
in tumor cells is commonly determined by drug cytotoxicity and/or 
accumulation/efflux tests. The authors report on a bioassay developed for 
the specific detection of functional P-gp levels and the efficacy of 
related chemosensitizers (CD-P-gp-assay) . The assay is based on the flow 
cytometric measurement of changes in the ^G2M cell cycle 

compartment which are due to the induction of polykaryons after exposure 
of proliferating cells to three defined cytochalasin D (CD) concns . with 
and without verapamil. As demonstrated in 13 well-characterized 
MDR cell models (20 resistant sublines) , there is a significant 
correlation between cytokinesis -blocking CD doses, as well as 
responsiveness to chemosensitizers and MDR1 gene expression (mRNA and 
P- 9P) allowing discrimination between different levels of P-gp-MDR. 
CD-P-gp-assay specificity was assessed by testing 23 compds . : 19 known as 
potent inhibitors of P-gp-MDR, some of them, though to a lesser extent, 
also of MRP -MDR; 1 inhibiting MRP-but not P-gp-MDR; 3 inactive in both 
types of MDR. A modulation of CD activity was confined exclusively to 
both P-gp-expressing cell lines and P-gp chemosensitizers. CD 
cytoskeletal activity measured by FACS is a specific and sensitive tool 
with which to detect functional P-gp and related chemosensitizers. 
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AB A series of in vitro cytotoxicity studies were performed to achieve 

Pharmacol, reversal of resistance to the alkylating agent mitomycin (MMC) 
in L-1210 leukemia cells. A multidrug-resistant (MDR) , 

P-glycoprotein-pos . cell line, RL-1210/.1, was exposed to potential MDR 
modulators in the absence or presence of MMC. The following compds . did 
not reverse MMC-induced MDR: quinine, quinidine, lidocaine, procaine, 
dimethylsulf oxide (DMSO) , dexamethasone , hydrocortisone, prednisolone, 
estradiol, and testosterone. Three agents were capable of reversing MMC 
resistance: progesterone, cyclosporin A, and verapamil. The R- 
and S- isomers of verapamil were equipotent, although they showed 
a 10-fold difference in cardiovascular potency (S > R) . Some agents 
produced cytotoxic effects in MDR cells in the absence of MMC, including 
progesterone, quinine, and quinidine. The results suggest that R- 
verapamil and progesterone may have clin. utility in reversing MMC 
resistance in human tumors. Progesterone may be uniquely 
efficacious due to its low toxicity in normal cells, its selective 
cytotoxicity in MDR cells (in the absence of MMC) , and its ability to 
reverse MMC resistance in vitro. The findings also suggest that the 
P-glycoprotein induced by MMC differs from that induced by doxorubicin, 
which is highly sensitive to modulation by lysosomotropic amines such as 
quinine and quinidine. 
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AB The influence was investigated of anticancer drugs and investigational 

multidrug resistance (MDR) reversing agents on the hepatic metabolism of 
paclitaxel (Taxol) to its primary metabolites, 6a-hydroxypaclitaxel 
(MA) and 3 1 -p-hydroxypaclitaxel (MB). There is an inter- individual 
variability associated with the levels of these 2 metabolites. In many 
cases, 6a-hydroxypaclitaxel was the predominant metabolite, in 
others, 3 ' -p-hydroxypacli-taxel was principal metabolite. The formation 
of 6a-hydroxypaclitaxel and 3 ' -p-hydroxypaclitaxel is catalyzed by 
cytochrome P 450 isoenzymes CYP2CS and CYP3A4 , resp. A number of factors, 
including co-administration of drugs and adjuvants, influence the activity 
of these isoenzymes. The influence of MDR reversing agents, R- 
verapamil, cyclosporin A (CsA) , and tamoxifen and anti- 
cancer drugs doxorubicin, etoposide (VP- 16) , and cisplatin on 
paclitaxel metabolism was assessed employing human liver microsomes in vitro. 
Paclitaxel (10 uM) was incubated with human liver microsomes (1 mg 
protein, -0.34 nmol) in the presence of a NADPH generating system at 
37° for 1 h, with and without the presence of interacting drug. 
Controls included incubations with quercetin and ketoconazole, known 
inhibitors of 6a-hydroxypaclitaxel and 3 ' -p-hydroxypaclitaxel 
formation, resp. At the end of the incubation period, paclitaxel and the 
metabolites were extracted in Et acetate and analyzed by HPLC. Inhibition of 
paclitaxel conversion to 6a-hydroxypaclitaxel and 

3 ' -p-hydroxypaclitaxel was observed in the presence of R- verapamil, 
tamoxifen, and VP-16. Doxorubicin inhibited the formation of 
3 ' -p-hydroxypaclitaxel and CsA inhibited the formation of 
6a-hydroxypaclitaxel . This study demonstrates that 



co-administration of several of the above listed compds. could lead to 
significant changes in the pharmacokinetics of paclitaxel. 
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AB Methods and agents are provided to decrease or increase the migration of 
dendritic cells for the suppression or enhancement, resp., of the 
development of immunity and the immune response, by modulating the 
dendritic cell membrane proteins p-glycoprotein (MDR-1) and tissue factor. 
Agents which suppress migration have utility in the treatment of 
immunol . -mediated and inflammatory diseases, e.g. graft rejection, contact 
dermatitis, seasonal allergies, asthma, and food allergies. Agents which 
enhance migration are useful for increasing the effectiveness of vaccines. 
Agents are also disclosed which enhance the migration of monocytes, useful 
in the treatment of chronic inflammatory diseases. Methods are also 
provided for identifying useful agents by measuring the effect on 
dendritic cell migration of agents which modulate p-glycoprotein and 
tissue factor activity, as well as the effect of agents on monocyte 
migration. 
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A review. With the advent and widespread use of potent antiretroviral 
therapy in the mid-1990s, the clin. course of human immunodeficiency virus 
(HIV) type 1- (HIV-1) infection has changed dramatically in a substantial 
proportion of HIV-l-inf ected in -dividuals. This has led to a significant 
decline in the incidence of AIDS and AIDS-related morbidity and mortality 
in the developed world. Protease inhibitors in combination with 
inhibitors of HIV-1 reverse transcriptase cause a dramatic reduction in plasma 
viremia, with the plasma HIV-1 RNA load being below the limit of detection 
in many patients. However, with the currently available drugs, complete 
eradication of HIV-1 from an infected person is not achieved because of 
the persistence of latently infected, resting CD4+ T cells harboring 
replication-competent HIV-1 and because of ongoing low-level viral 
replication. One cause of ongoing viral replication can be suboptimal 
penetration of drugs into anatomical sanctuary sites like the central 
nervous system. It has been suggested that drug transporters like P 
glycoprotein (P-gp) may contribute to this suboptimal penetration. Such 
drug transporters might also lower intracellular drug levels, thereby 
limiting the therapeutic effi-cacies of antiviral drugs in peripheral 
blood mononuclear cells (PBMCs) , including CD4+ T cells. P-gp, a plasma 
membrane protein encoded by the multidrug resistance (MDR) gene, was 
discovered in 1976 (71) and functions as an AT P-dependent drug efflux 
pump. It is a transporter of a wide range of compds . , including 
hydrophobic amphipathic drugs, calcium channel blockers, antihistamines, 
peptides, and steroids. The function of P-gp is thoroughly investigated 
in the oncol . field because of its ability to induce resistance to 
anticancer therapy by pumping the drugs out of tumor cells. In 
this minireview we summarize the possible roles of P-gp in HIV-1 infection 
and therapy. 
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AB A method of increasing the bioavailability upon oral administration of a 
Pharmacol, active target agent, particularly an antitumor or 
antineoplastic agent which exhibits poor or inconsistent oral 
bioavailability (e.g., paclitaxel, docetaxel or etoposide) , comprises the 
oral co-administration to a mammalian patient of the target agent and an 
oral bioavailability-enhancing agent (e .g. ,. cyclosporin A, cyclosporin D, 
cyclosporin F, or ketoconazole) . The oral bioavailability-enhancing 
agents are known to be MDR (P-glycoprotein) inhibitors. The enhancing 
agent may be administered orally from 0.5-24 h prior to the oral 
administration of one or more doses of the target agent, substantially 
simultaneously with the target agent, or both prior to and substantially 
simultaneously with the target agent. A method of treating mammalian 
patients suffering from diseases responsive to target agents with poor 
oral bioavailability, as well as oral dosage forms containing such target 
agents, combination oral dosage forms containing bioavailability-enhancing 
agents and target agents kits containing enhancing and target agent dosage 
forms and dosing information for the co-administration of the same are 
also disclosed. 
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DOCUMENT NUMBER: 127:214774 

TITLE: Treatment of advanced colorectal cancer with 

doxorubicin combined with two potential 
multidrug-resistance-reversing agents. High-dose oral 
tamoxifen and dexverapamil 

AUTHOR (S) : Weinlander, G. ; Kornek, G . ; Raderer, M. ; Hejna, M . ; 

Tetzner, C. ; Scheithauer, W. 

CORPORATE SOURCE: Medical School, University Vienna, Vienna, A- 10 90, 

Austria 

SOURCE: Journal of Cancer Research and Clinical Oncology 

(1997), 123(8), 452-455 

CODEN: JCROD7; ISSN: 0171-5216 
PUBLISHER : Springer 
DOCUMENT TYPE: Journal 
LANGUAGE : Eng 1 i s h 

AB On the basis of the overexpression of the MDR1 gene in human colorectal 
cancer, which may constitute a mol . basis for intrinsic drug 
resistance that can be reversed, and because of the limited therapeutic 
value of conventional cytotoxic treatment in this disease, the present 
phase II study of P-glycoprotein-directed double modulation was initiated. 
Fifteen patients with measurable metastatic colorectal cancer, 
all of whom were refractory to 1st -line chemotherapy with 
5-f luorouracil/leukovorin, were entered in this trial. Treatment 
consisted of 80 mg tamoxifen twice daily on days 1-9, oral dexverapamil 
every day on days 7-9, and 60 mg/m2 doxorubicin given by i.v. bolus 
injection on day 8. Courses were repeated every 4 wk. After a median of 
3 courses, none of the 14 evaluable patients had objective response, and 4 
had stable disease. Adverse reactions consisted mainly of 
myelosuppression (WHO grade IV granulocytopenia was noted in 4 0%) , and 
mild and reversible dexverapamil -related cardiovascular side-effects, 
specifically hypotension (47%) . Thus, despite the histol. demonstration 
of high levels of P-glycoprotein in colorectal cancer and 

administration of 2 potentially synergistic chemosensitizers , the authors 
were unsuccessful in circumventing its primary resistance to chemotherapy. 



LI ANSWER 1 OF 3 REGISTRY COPYRIGHT 2 004 ACS on STN 
RN 302825-79-2 REGISTRY 

CN Benzenebutanamide, y-cyano-N- [2- (3 , 4 -dimethoxyphenyl ) ethyl] -3,4- 
dimethoxy-N-methyl-y- ( 1 -methylethyl ) - , (yR) - (9CI) (CA INDEX 
NAME) 

OTHER NAMES: 

CN (R) -Verapamil amide 

FS STEREOSEARCH 

MF C27 H36 N2 05 

SR CA 

LC STN Files: CA, CAPLUS 

DT.CA CAplus document type: Journal 

RL.NP Roles from non-patents: PREP (Preparation); RACT (Reactant or reagent) 
Absolute stereochemistry. 



Me i-Pr 




OMe OMe 



**PROPERTY DATA AVAILABLE IN THE 'PROP 1 FORMAT** 

1 REFERENCES IN FILE CA (1907 TO DATE) 

1 REFERENCES IN FILE CAPLUS (1907 TO DATE) 

LI ANSWER 2 OF 3 REGISTRY COPYRIGHT 2 004 ACS on STN 
RN 38321-02-7 REGISTRY 

CN Benzeneacetonitrile, a- [3- [ [2 - (3 , 4 -dimethoxyphenyl) ethyl] methyl amino 
] propyl] -3 , 4-dimethoxy-a- (1 -methylethyl) -, (aR) - (9CI) (CA 
INDEX NAME) 

OTHER CA INDEX NAMES: 

CN Benzeneacetonitrile, a- [3- [[2- (3 , 4 -dimethoxyphenyl) ethyl] met hylamino 

] propyl] -3, 4-dimethoxy-a- (1 -methylethyl) -, (R) - 
OTHER NAMES : 
CN (+) - (R) -Verapamil 
CN (+) -Verapamil 
CN (R) -Verapamil 
CN d- Verapamil 
CN Dexverapamil 
CN R- (+) -Verapamil 
FS STEREOSEARCH 
MF C27 H3 8 N2 04 
CI COM 

LC STN Files: ADIS INSIGHT, ADISNEWS, AGRICOLA, ANABSTR, BEILSTEIN* , 

BIOBUSINESS, BIOSIS, BIOTECHNO, CA, CAPLUS, CAS REACT, CHEMLIST, DDFU, 
DRUGU, EMBASE, IMSDRUGNEWS , IMSRESEARCH , IPA, MRCK* , PHAR, PROMT , 
TOXCENTER, USAN, US PAT 2 , USPATFULL 

(*File contains numerically searchable property data) 
Other Sources: EINECS**, WHO 

(**Enter CHEMLIST File for up-to-date regulatory information) 
DT.CA CAplus document type: Conference; Dissertation; Journal; Patent 
RL.P Roles from patents: ANST (Analytical study); BIOL (Biological study); 

PREP (Preparation) ; PROC (Process) ; PRP (Properties) ; RACT (Reactant or 
reagent) ; USES (Uses) 
RLD.P Roles for non-specific derivatives from patents: BIOL (Biological 



study) ; USES (Uses) 
RL.NP Roles from non-patents: ANST (Analytical study); BIOL (Biological 

study) ; FORM (Formation, nonpreparative) ; OCCU (Occurrence) ; PREP 

(Preparation); PROC (Process); PRP (Properties); RACT (Reactant or 

reagent) ; USES (Uses) 
RLD.NP Roles for non-specific derivatives from non-patents: BIOL (Biological 

study) ; FORM (Formation, nonpreparative) ; PRP (Properties) ; USES (Uses) 

Absolute stereochemistry. 



Me i-Pr 




OMe OMe 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 

3 60 REFERENCES IN FILE CA (1907 TO DATE) 

3 REFERENCES TO NON-SPECIFIC DERIVATIVES IN FILE CA 
3 60 REFERENCES IN FILE CAPLUS (1907 TO DATE) 

LI ANSWER 3 OF 3 REGISTRY COPYRIGHT 2004 ACS on STN 
RN 38176-02-2 REGISTRY 

CN Benzeneacetonitrile, a- [3- [ [2- (3 , 4 -dimethoxyphenyl) ethyl] methylamino 
] propyl] -3,4-dimethoxy-a- { 1-methylethyl) monohydrochloride, 
(aR) - (9CI) (CA INDEX NAME) 

OTHER CA INDEX NAMES: 

CN Benzeneacetonitrile, a- [3- [ [2- (3 , 4 -dimethoxyphenyl) ethyl] methylamino 

] propyl] -3,4-dimethoxy-a- ( 1-methylethyl) - , monohydrochloride, (R) - 
OTHER NAMES: 

CN (+) -Verapamil hydrochloride 
CN (R) -Verapamil hydrochloride 

CN Dexverapamil monohydrochloride 

CN LU 33925 

CN NSC 632821 

FS STEREOSEARCH 

MF C27 H38 N2 04 . CI H 

LC STN Files: BEILSTEIN* , BIOTECHNO, CA, CAPLUS, CHEMCATS , CHEMLIST, 
EMBASE, IPA, MRCK* , TOXCENTER, USPATFULL 

(*File contains numerically searchable property data) 
Other Sources: EINECS** 

(**Enter CHEMLIST File for up-to-date regulatory information) 
DT.CA CAplus document type: Journal; Patent 

RL.P Roles from patents: BIOL (Biological study); PREP (Preparation); USES 
(Uses) 

RL.NP Roles from non-patents: ANST (Analytical study); BIOL (Biological 
study) ; PREP (Preparation) ; PRP (Properties) ; RACT (Reactant or 
reagent) ; USES (Uses) 

CRN (38321-02-7) 



Absolute stereochemistry. 




• HC1 



**PROPERTY DATA AVAILABLE IN THE ' PROP 1 FORMAT** 



27 REFERENCES IN FILE CA (1907 TO DATE) 

2 7 REFERENCES IN FILE CAPLUS (1907 TO DATE) 



L4 ANSWER 3 OF 8 REGISTRY COPYRIGHT 2 004 ACS on STN 
RN 38176-10-2 REGISTRY 

CN Benzeneacetonitrile, a- [3- [ [2- (3 , 4 -dimethoxyphenyl) ethyl] methylamino 
] propyl] -3,4,5-trimethoxy-cc- (1-methylethyl) (aR) - (9CI) (CA 
INDEX NAME) 

OTHER CA INDEX NAMES: 

CN Benzeneacetonitrile, a- [3- [ [2- (3 , 4 -dimethoxyphenyl) ethyl] methylamino 

] propyl] -3,4,5-trimethoxy-a- (1-methylethyl) -, (R) - 
OTHER NAMES: 
CN ( + ) -D 600 
CN (+) -Gallopamil 
CN ( + ) -Methoxyverapamil 
CN d-D-600 

CN R- (+) -Gallopamil r 

FS S TEREOS E ARCH 
MF C28 H40 N2 05 
CI COM 

LC STN Files: BEILSTEIN* , BIOBUSINESS, BIOSIS, CA, CAPLUS, CASREACT, 
CHEMCATS , TOXCENTER , US PATFULL 

(*File contains numerically searchable property data) 
DT.CA CAplus document type: Journal; Patent 

RL.P Roles from patents: BIOL (Biological study); PREP (Preparation); USES 
(Uses) 

RLD.P Roles for non-specific derivatives from patents : BIOL (Biological 

study) ; USES (Uses) 
RL.NP Roles from non-patents : ANST (Analytical study); BIOL (Biological 

study) ; PREP (Preparation) ; PROC (Process) ; RACT (Reactant or reagent) ; 

USES (Uses) 

Absolute stereochemistry. Rotation (+) . 



Me i-Pr 




OMe OMe 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 

61 REFERENCES IN FILE CA (1907 TO DATE) 

1 REFERENCES TO NON-SPECIFIC DERIVATIVES IN FILE CA 
61 REFERENCES IN FILE CAPLUS (1907 TO , DATE ) 

L4 ANSWER 4 OF 8 REGISTRY COPYRIGHT 2 0 04 ACS on STN 
RN 38176-09-9 REGISTRY 

CN Benzeneacetonitrile, a- [3- [ [2- (3 , 4 -dimethoxyphenyl) ethyl] methylamino 
] propyl] -3,4, 5-trimethoxy-ct- (1-methylethyl) -, monohydrochloride , 
(aR) - (9CI) (CA INDEX NAME) 

OTHER CA INDEX NAMES: 

CN Benzeneacetonitrile, a- [3- [ [2- (3 , 4 -dimethoxyphenyl) ethyl] methylamino 
]propyl] -3,4,5-trimethoxy-a- (1-methylethyl) -, monohydrochloride, 
(R)- 

OTHER NAMES: 

CN d-Gallopamil hydrochloride 

FS STEREOSEARCH 



MF C28 H40 N2 05 . CI H 

LC STN Files: BEILSTEIN* , CA, CAPLUS, MRCK* , US PAT FULL 

(*File contains numerically searchable property data) 
DT.CA CAplus document type: Journal; Patent 
RL.P Roles from patents: PREP (Preparation) 

RL.NP Roles from non-patents: BIOL (Biological study); PREP (Preparation)- 

PRP (Properties); USES (Uses) 
CRN (38176-10-2) 

Absolute stereochemistry. Rotation (+) . 
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6 REFERENCES IN FILE CAPLUS (1907 TO DATE) 



adjuvant definition of adjuvant. What is adjuvant? Meaning of adjuvant. ... Page 1 of 2 



This isGoogl e's cache of http://www.thefreedictionary.com/adjuvant . 

G o o g I Vs cache is the snapshot that we took of the page as we crawled the web. 

The page may have changed since that time. Click here for the current page without highlighting. 

This cached page may reference images which are no longer available. Click here for the cached text only. 

TO link tO Or bOOkmark thiS page, USe the following Uri: http://www.google.com/search?q-cache:eaSaWu- 
N5dM J : w^w . thef reedictionary , com/ ad j uvant+ad j uvant+def ini tion&hl=en 



Google is not affiliated with the authors of this page nor responsible for its content 



These search terms have been highlighted: adjuvant definition 





Find Your Old 
School Here 



I -Jtay 



m 



ft Dictionaries: fGeneralYComputingYMedicalYLegalYEncyclopedi<=P 
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adjuvant 

Ad ju vant Pronunciation: ad'jD'vant 

Noun 1. adjuvant - an additive that enhances the effectiveness of medical treatment 
[additive - something added to enhance food or gasoline or paint or medicine 

Adj. 1. adjuvant - relating to something that is added but is not essential; "an ancillary pump"; "an adjuvant 
discipline to forms of mysticism"; "The mind and emotions are auxilliary to each other" 
jj accessory , adjunct , ancillary , appurtenant subsidiary , auxiliary 

I supportive - furnishing support or assistance; "a supportive family network"; "his family was 
supportive of his attempts to be a writer" 

2. adjuvant - enhancing the action of a medical treatment; "the adjuvant action of certain bacteria" 

I materia medica , pharmacological medicine , pharmacology - the science or study of drugs: their 
preparation and properties and uses and effects 
f helpful - providing assistance or serving a useful function 



Legend: I Synonyms | Related Words j Antonyms 

Some words with "adjuvant" in the definition: 



accessory 
additive 
adjunct 
ancillary 



appurtenant 
auxiliary 
Coadiuvant 
subsidiary 
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Adjutancy Ad jutator 
adjutant Adjute 
adjutant bird Adjutor 
adjutant general Adiutorv 
adjutant stork Adjutrix 
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Adlai Ewing Stevenson 
Adlai Stevenson 
Ad legation 
Adlocution 
Adlumia 



Next 

Adlumia fungosa 

adman 

Admarginate 

admass 

Admaxillary 



adjusting entry 
Adjusting plane 
adjustive 
Adjustment 
Adjustment (law) 
adjuster 



Adjutant (enc.) 
adjutant bird 
adjutant general 
adjutant stork 
Adjutant-general (law) 
Adjutator 



Full Dictionary Browser 



Adkins v. Children's 
Hospital (enc.) 
ADL (comp.) 
ADL (enc.) 

Adlai E. Stevenson (enc.) 
Adlai Ewing Stevenson 



Adleman (enc.) 
Adler Planetarium (enc.) 
Adler, Alfred (enc.) 
Adler-32 (enc.) 
Adlet (enc.) 
AdLib (enc.) 
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Adjutage 
Adjutancy 
Adjutant 
Adjutant (law) 



Adjute 
Adjutor 
Adjutory 
Adjutrix 



Adlai Ewing Stevenson 
(enc.) 

Adlai Stevenson 
Adlai Stevenson (enc.) 
Adlai Stevenson II (enc.) 
Adleqation 



Adlington (enc.) 
Adlivun (enc.) 
Adlocution 
AdLog (comp.) 
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Definition of Adjuvant 

'jiTvant Pronunciation: ad JU vant 

1. (Immunology) A substance added to an immunogenic agent to 
enhance the production of antibodies. 

2. A substance added to a formulation of a drug which enhances 
the effect of the active ingredient. 

1. Helping; helpful; assisting. 

1. An assistant. 

2. (Med.) An ingredient, in a prescription, which aids or modifies 
the action of the principal ingredient. 
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Postmenopausal Breast Ca 
Information resource on ai 
cancer treatment for postn 
with hormone receptor-po 
cancer. 

Postmenopausal Breast Ca 
Pharmaceuticals 
Information resource on ai 
cancer treatment for postn 
with hormone receptor-po 
cancer. 



Related Words 

accession, accessory, accompaniment, addenda, addendum, 
additament, addition, additive, additory, additum, adjunct, 
alterative, analeptic, ancillary, annex, annexation, appanage, 
appendage, appendant, appurtenance, appurtenant, assistant, 
assisting, attachment, augment, augmentation, auxiliary, 
carminative, coda, collateral, complement, concomitant, 
continuation, contributory, corollary, corrective, counterirritant, 
curative, emmenagogue, expectorant, extension, extrapolation, 
fixture, fostering, healing, helping, hormone, iatric, increase, 
increment, instrumental, maturative, medicative, medicinal, 
ministerial, ministering, ministrant, nurtural, nutricial, offshoot, 
pendant, reinforcement, remedial, restorative, sanative, sanatory, 
serving, side effect, side issue, subservient, subsidiary, supplement, 
synergistic, tailpiece, therapeutic, theriac, undergirding, vasodilator, 
vitamin 
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Word: Adjuvant 



Adjuratory 

Adjure 

Adjurer 

Adjust 

Adjustable 

Adjustage 

adjusted 

Adjuster 

Adjusting plane 

Adjustive 

Adjustment 

Adjutage 

Adjutancy 
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Adjutant 

Adjutant general 

Adjutator 

Adjute 

Adjutor 

Adjutory 

Adjutrix 
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